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Architecture and Landscape Work for the 
Catskill Water Works. 


In these days of advancing culture in the 
United States, the local governmental authority 
charged with the construction of a great system 
of public works has a responsibility other than 
to make the system as a whole and the structures 
in detail useful and efficient in a utilitarian way 
only. With additional thought and skill in de- 


‘sign, the visible structures of masonry and earth, 
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with their landscape surroundings, can be made 
beautiful—a source of pleasure as well as a 
means for supplying a physical need. Frequently, 
too, these desirable results can be obtained at 
slight additional cost, and cases are not unknown 
in which intelligence properly applied has, in 
satisfying esthetic demands, secured practical 
economies. But even if it does cost somewhat 
more to make public works beautiful, the expen- 
diture, within reasonable limits, is well justified. 
The older communities, having met their most 
urgent needs for bare necessaries, can afford 
such investments for the enjoyment of their citi- 
zens. Indeed, judicious expenditures of this sort 
are not an extravagance, for besides giving whole- 
some pleasure to the community that builds them, 
and its neighbors, fine public works may become 
a source of considerable indirect revenue. With- 
out doubt, several European countries attract 
their thousands of tourists annually—and take 
toll from them—not alone because of beautiful 
scenery, but in part ,by reason of noble and at- 
tractive public and semi-public buildings, bridges 
and other works. 

New York City has just entered upon the 
construction of, probably, the greatest system of 
water-works ever actually undertaken, and one 
of the, most ambitious engineering enterprises of 
modern days. These works will bring water a 
hundred miles or more from the Catskill moun- 
tains, across country of unusual scenic charm 
and much variety of topography. In the valleys 
of the mountains, where thousands of New York 
City’s residents spend their summer vacations, 
the impounding reservoirs will be created. Cats- 
kill aqueduct will traverse the broad and beau- 
tiful valleys of the Esopus, the Wallkill and the 
Moodna; will pierce the Highands of the Hud- 
son in crossing the main valley of that river, and 
will continue southward east of the Hudson 
through the gentler hills and dales of Putnam and 
Westchester counties, where are many of New 
York’s suburbs and country homes. Along this 
line are some fifty gatehouses, siphon chambers 
and other structures suggesting the aqueduct hid- 
den below in trench, or tunnel or embankment. 
Some of: these buildings will occupy most con- 
spicuous sites, commanding in several instances 
hundreds of square miles of territory. Tehey 
cannot be concealed; they should be made at- 
tractive. 


At the terminus of the aqueduct, Hill View 


reservoir, a covered basin, can readily become a 
park with broad and pleasing prospects in many 
directions. Near the large town of White Plains, 
Kensico reservoir, of approximately 40,000,000,000 
gal. capacity, will become an attractive lake of 
very irregular outline, extending into the valleys 
among the hills. Its dam, a masonry wall over 
2,000 ft. long, on top and 150 ft. high above the 
surface of the ground, will occupy a site prob- 
ably more conspicuous than that of any exist- 
ing large masonry dam, if judged by the number 
of people who will see it daily. Only 25 miles 
from the heart of the city, at the terminus of 
a proposed park system, in the midst of a popu- 


- lous suburban region, it is in full view, at close 


range, of a railway carrying thousands of per- 
sons daily to and from New York. Large aer- 
ation plants may also be included in the system, 
throwing numerous jets of water into the air to 
considerable height, and there is to be a very ex- 
tensive filtration plant, which, it is to be desired, 
may be made more pleasing in appearance. than 
some works of this kind have been. 

What opportunities are suggested here, with 
no light emphasis, for the architect and landscape 
engineer to co-operate with the water works en- 
gineer in creating works which will be the more 
creditable to all the professions concerned for 
such a union of technically trained minds! To 
these opportunities and obligations the Board of 
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Water Supply has evidently not been oblivious. 
With the good sense displayed in other matters 
which it has been the pleasure of The En- 
gineering Record to mention the Board has en- 
gaged in a consulting capacity for the guidance 
of its chief engineer and his staff in the design 
and construction of the visible portions of the 
works, the services of a landscape engineer and a 
firm of architects of the highest standing in their 
respective professions. In selecting these men, 
it has been stated, not. only was care exercised 
to secure skill of the highest order, but also 
those qualities of personality which make it pos- 
sible for men to co-operate. Indeed, but slight 
acquaintance with the staff of the Board is neces- 
sary to convince one that this idea of co-oper- 
ation is one of the most dominant notes in the 
policy of the commissioners and the chief en- 
gineer. Assistants who have been trained along 
the lines of architecture and landscape work 
have been engaged as members of the engineer- 
ing force, so that the details of all kinds of work 
may be elaborated and harmonized under the 
immediate supervision of the chief engineer. 

Such excellent results have been achieved in 
recent years by similar association of architects 
and landscape engineers with civil engineers, that 
the wisdom of this most recent endeavor to do 
something better than the ordinary in the con- 
struction of water-works can not be gainsaid. 
It is to be hoped that the good example of New 
York and Boston and some other cities will soon 
become the usual practice, not only for water- 
works, but for all public works. The recently 
completed Metropolitan water-works of Boston 
now give ample justification in their most at- 
tractive appearance for judicious regard for the 
esthetic sensibilities of the community and the 
slight additional cost which it entailed. With 
this successful precedent fresh in mind, this 
journal anticipates with confidence an accom- 
plishment which will be thoroughly creditable to 
the metropolis and a cause of pride to its citi- 
zens, if the men who are now so ably directing 
the works be allowed to continue untrammelled 
in their good policies. 

Problems of Motor Application. 

In view of the amount of engineering atten- 
tion usually, given to the purchase and installa- 
tion of electric generating equipment, it is ‘sing- 
ular that problems of motor application. are so 
frequently settled off-hand by owners of indus- 
trial plants. The ability of the average well- 
made motor to withstand abuse is, no doubt, 
partly responsible for this, and another reason for 
the quick decisions often made as to the kind of 
motor selected for a given duty is found in the 
subdivision of motor units necessary in the great 
majority of installations, whether individually or 
group driven. Then there is the question of first 
cost and delivery, which is naturally important 
to an establishment working under conditions of 
forced output. 

It is an easy matter in simple problems of 
motor application to spend more time upon the 
selection than the case warrants, but in the 
choice of motor drives where several units are 
required, there are some fundamental points 
which should not be overlooked simply because 
it is about lunch time and because the motor 
salesman has quoted a good price on standard 
outfits. The amount of power, average and max- 
imum, which the machine or group to be driven 
will require; the prospect of more machines be- 
ing added to the load of each motor; the amount 
and range of speed regulation necessary; the 
character of attendance that can be counted on; 
the weight of the motor unit and cost of special 
construction to support it, if on a wall or ceiling 
platform; and the efficiency curves of the motors 
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offered should all be carefully considered. Too 
few manufacturers are possessed of data show- 
ing the percentage of time different machines are 
idle and the variations in individual power de- 
mands at different times. 

The question of motor efficiency is of much 
more importance than is always realized. Motor 
design has developed to a point where certain 
efficiencies may be expected in certain types and 
sizes of machines, but unless a motor is selected 
to run at or near its normal rated output. the 
greater part of the time, the benefit of a highly 
efficient design cannot be had, the cost of the 
motor becomes unduly great for the service ren- 


dered, and the cost of power lost in the dis- 


tributing system and the expense of excess cur- 
rent generation at the prime movers above the 
normal, tend to defeat its economies, which the 
electric drive is generally capable of bringing 
about if properly installed. 

Occasional tests made on working installations 
are found to throw considerable light on the mo- 
tor situation and guide future decisions as to 
motor selection. On account of the extremely 
low maintenance cost of many motors in definite 
commercial service, there is often an absence of 
accurate repair records in plants where the most 
minute details of engine, boiler and generator 
maintenance are carefully kept. A policy of 
charging off motor repairs, however, enables the 
exact cost of the electric drive to be figured in 
different departments, and the expense of testing 
the starting current, speed and power constimp- 
tion of service motors is almost nominal in com- 
parison with the value of the data. Given a 
motor of large capacity installed in connection 
with a group drive, it is most essential to find 
out from time to time whether it is being seri- 
ously overloaded or not, either through changes 
in the operating conditions at the machines or 
through the addition of more machine units than 
the motor can properly handle at the maximum 
rate of production. 

No. question is of greater importance in the 
applications of electric motors to commercial 
service than the group contrasted with the in- 
dividual drive. It is not the purpose of these 
comments to discuss the relative advantages of 
group and direct driving, but to emphasize the 
need of going into the question thoroughly in 
practice. Expert advice is more necessary here 
than in any other phase of the motor problem. 
Nothing short of a careful estimate of the total 
annual cost of each method, taking into account 
the installation and purchase expense, operating 
efficiency of each combination, flexibility value, 
probable reliability and repair cost, interdepend- 
ence of departments, in brief, the total power 
cost at the motors per unit of manufactured 
product, will furnish a proper basis for a sound 
decision in motor selection. 


Sheet Piling and Earth Pressure. 


There are some puzzling questions which arise 
in connection with sheet piling as used for both 
small and large excavations, especially when the 
latter are of considerable depth. As a matter of 
fact, the bracing generally employed to hold the 
sheeting or sheet piling in place is designed more 
as a matter of judgment than of exact computa- 
tion. The ordinary rational theory of earth 
pressure is based upon an assumed perfectly dry 
material composed of small grains, possessing no 
coherence among themselves. The standard 
quality of earth on which is based the usual the- 
ories of earth pressure is that of a fine granular 
mass, whose particles are free to move over each 
other except for friction, these particles assuming 
an exterior surface slope, under normal condi- 
tions, whose tangent to a horizontal line repre- 
sents the coefficient of friction. This theory re- 
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sults in’ an intensity of pressure for a. mass of 
dry earth which increases directly with the depth 
as does water pressure, but at a different rate. 
There are few structures whose design involves 
the use of formulas for earth pressure which 
have not been proportioned: upon this theory if 
their treatment has been of a rational character; 
in fact, Rankine’s and other similar theories have 
come to be standard for this entire field of con- 
struction. Although these earth pressure theories 
have been criticised for various alleged defects 
of more or less serious nature, the latest is prob- 
ably one of the most interesting attacks of this 
kind. 

In a recent number of the “Proceedings” of 
the American Society of Civil Engineers, Mr. J. 
C. Meem has presented a paper on “The Bracing 
of Trenches and Tunnels, with Practical Formu- 
las for Earth Pressures,’ the main features of 
which were stated in The Engineering’ Record 
of Nov. 2: In this paper the author has set forth 
certain views as to earth pressure which are 
based on his observations in sheeted or sheet- 
piled trenches. He has observed that in many 
new excavations both the bottom and the bottom 
portions of the vertical sides remain stable in 
place even when not supported, while in the up- 
per parts of the same trenches the material has 
exhibited such a tendency to motion as to pro- 
duce heavy pressures against the sustaining 
sheeting with its braces, the excavated material 
not being dry sand. He assumes, therefore, in 
treating the laws of pressure thus disclosed, that 
the greatest earth pressures are near the top of 
the excavation, from which place they decrease 
to the bottom, where they are either actually or 
essentially zero. This obviously is fundamen- 
tally at variance with the ordinarily accepted 
law of earth pressure, which makes the intensity 
of that pressure zero at the surface and a max- 
imum at the bottom of an excavation, with a 
uniform rate of variation between. 

The difference between these laws is radical, 
as is recognized by Mr. Meem himself. If his 
views are correct, practically the whole body of 
present and past practice in connection with 
earth pressures is altogether wrong, except in 
the case of dry, sandy material, for which he 
would employ the generally accepted theory of 


earth pressure, the law of whose variation with 


the depth below the surface is similar to that of 
liquid pressure, i. e., the intensity varies directly 
as the depth. : 

Probably every experienced engineer who has 
had much to do with the design and construction 
of structures to resist earth pressure, has recog- 
nized the familiar fact that the standard theories 
of earth pressure are not supposed to be more 
than approximately correct for other materials 
than dry sand. There are, however, with equal 
probability, very, few who would be willing to 
postulate with emphasis: that the intensity of 
pressure against sheet piling and its bracing de- 
creases with the depth of excavation, becoming 
zero at the bottom of the latter, and acquiring a 
maximum value in its upper part. It is true that 
in almost any excavation other than in dry sand, 
the material in its bottom stands stiff and un- 
disturbed for a greater or less period of -time 
after the excavation is completed. There is 
nothing uncommon about that; it is a matter of 
frequent observation.. A damp clayey or loamy 
material holding considerable moisture assumes 
under the heavy pressure of the superposed ma- 
terial a stiff, dense and firm condition, which 
disappears only after weathering, and much 
weathering in some cases. 

If a trench or other excavation is to be quickly 
completed ‘and refilled, insufficient time may 
elapse for such material to lose its moisture; and 
so to become friable or granular behind the sheet- 
ing and produce intensities of pressure of rela- 
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tively high values. This is precisely what 
takes place in many excavations of magni- 
tude. Material is frequently found capable of 
maintaining a vertical face for a considerable 
time even without the support of sheeting, but 
the instances are rare where such faces will not 
soon become dry enough to lose coherence and 
granulate to a marked degree, and slough off or 
fall away if unsupported, like any dry granular 
material in which the maximum intensity of pres- 
sure is found at or near the bottom of the ex- 
cavation. Under such circumstances it certainly 
would not be prudent or safe to rely upon the 
temporary tenacity thus disclosed to hold long 
in position the sides of such excavations. It is 
a matter of common experience to observe the 
weakening by dessication of vertical earth faces, 
nor is it so very infrequent to experience the 
failure of sheeting with its bracing from this kind 
of a cause. The matter practically reduces itself 
to taking chances with these excavated faces and 
hazard reaching the refill before the material 
with its reduced moisture has an opportunity to 
assert its capacity for lateral pressure. f 

More than one instance of this character has 
resulted in failure. Experience with excavations 
in general has taught the important lesson that, 
except in comparatively few cases of unusually 
tenacious material, it is safer to assume that the 
relatively dry granular “condition may prevail 
sooner than anticipated, and that in general it 
is prudent to accept the indications of the stand- 
ard theories of earth pressure, if there is much at 
stake. In the more difficult and dangerous sat- 
urated or semi-saturated, materials, it takes but 
little experience to confirm ‘he accepted laws of 
earth pressure and to realize that such earth 
pressure theories as that of Rankine are among 
the valuable technical assets possessed by the en- 
gineer. 


Notes and Comments. 


Tue Derroir TunneL Operations described 
in this journal last week and in previous issues 
are so novel as to deserve a word of comment. 
Several projects for constructing subaqueous 
tunnels have been proposed in which sections of 
the tunnel are built on ways, launched and towed 
to the place where they are to be sunk, but in 
this undertaking the various steps are unique in 
their conception. The forms are first sunk, then 
surrounded by concrete placed under water, and 
finally the forms are pumped out and lined with 
concrete without the use of compressed air. This 
procedure was first proposed by Mr. W. J. Wil- 
gus, a‘fact that was unfortunately not stated in 
the article printed last week. Mr. Olaf Hoff, of 
the Butler Bros.-Hoff Co., the contractors, is in 
personal charge of the work and has elaborated 
the details in a most ingenious manner in order 
to carry out the contract successfully. 


Tue’ Artperc Ry. ELectTriFICATION, the most _ 
extensive undertaking of this nature now under 
way, affords an interesting example of the accu- 
racy of some of the general statements in Mr. 
Armstrong’s valuable paper reviewed elsewhere 
in this issue. This road, a single-track line, is 
understood to have more business than any other 
crossing the Tyrolean Alps, about forty trains 
moving Over it daily in each direction. This 
traffic has congested the line many times annually 
during recent years and it has become necessary 
to double-track the road, an enormously expen- 
sive undertaking, or to provide means for hauling 
heavier trains at higher speeds. By adopting 
electric traction the capacity of the road can be 
increased 50 per cent. at a far smaller outlay 
than that for a second track. The consulting en- 
gineer for the work is Prof. C. L. de Muralt of 
the University of Wisconsin, who has selected 
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the three-phase system for this installation, a se- 
lection practically forced by the railway authori- 
ties’ drawbar pull and: speed ‘requirements, which 
make it necessary to develop 3,000-h.-p. with a 
locomotive weighing not more than 60 tons. The 
current will be furnished by hydro-electric sta- 


tions and on the down-grades the motors on the 


locomotives will act as generators, returning cur- 
rent to the line and saving a large sum otherwise 
required for power, in addition to reducing heavy 
wear of brake rigging. : 


Tue Enormous ArcuH of reinforced concrete, 
with its clear span of 710 ft., which is the central 
feature of the design for the Henry Hudson 
memorial bridge at New York prepared by Prof. 


- Wm. H. Burr, is the boldest bridge project for 


many a year. The designer has been working 
out the details of the plans for more than a year, 
assisted by the engineers of the city’s Department 
of Bridges, and the project is now before the 
Municipal Art Commission for its approval. It 
goes without saying that the designs will receive 
critical study by bridge specialists everywhere, 
for no masonry arch approaching it in span or 
resembling it in design, save as a miniature re- 
sembles a large canvas, has been worked out be- 
fore. At one step, reinforced concrete construc- 
tion has been advanced from the very conserva- 
tive works of the past to a structure that prob- 
ably represents the maximum limits of practica- 
bility of the material. The computations have 
been conducted with great thoroughness by Mr. 
Leon S. Moisseiff, of the Department of Bridges, 
whose analytical ability is widely known, and 
methods of building the structure have been de- 
veloped sufficiently to demonstrate their feasibil- 
ity. Those critics who pronounce a hasty judg- 
ment against the design will therefore probably 
find that their arguments have already been ex- 
amined during the progress of the studies and 
have been met satisfactorily. 


Tue Excavation Recorps which Colonel Goe- 
thals and his staff continue to make at Panama 
are astonishing. The September record was a 
gratifying achievement, but that of October is 
a complete surprise. During the month about 
1,844,500 cu. yd. of material were taken from the 
canal prism, an increase of more than 23 per 
cent. over the record for September. The sig- 
nificant fact of this accomplishment was that 
during October the rainfall amounted to 17.1 in., 


as compared with 11.9 in. in September and 11.89 


in. in August. In addition to the material taken 
from the canal prism about 24,300 cu. yd. were 
removed from accessory works, chiefly the ex- 
cavation for the big locks. |\If excavation can be 
carried on at this rate during a month of such 
heavy rainfall, what may not be expected during 
the season when the working conditions are more 
favorable? That the best excavation records ob- 
tained under Mr. Stevens have been increased 
more than 75 per cent. during the month of the 
year worst adapted for such work is a pretty 
good indication of progress. Another thing just 
as important in one sense is the excellent result 
of Secretary Bishop’s endeavor to do away with 
all needless causes of discontent on the isthmus. 
As chairman of the Commission’s committee on 
grievances he hears every complaint and is able 
to make a thorough investigation of it. By 
means of the “Canal Record” which is distributed 
free among all employees whose names are on 
the “gold” roll, he has accomplished wonders 
in producing that feeling of common interest and 
united endeavor essential for the best results 
where large bodies of men are engaged. The 
present situation on the isthmus is certainly one 
in which the American people may take justifi- 
able pride. 
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Tue Lack or Batancep EpucaTIon afforded 
by courses in engineering colleges is discussed at 
some length in the recent’annual report of Presi- 
dent Schurman, of Cornell University. These 
courses suffer, in his opinion; from being exclu- 
sively in the field of mathematics and physical 
sciences. He believes that the modern engineer, 
to be truly educated, needs a. training broader 
than science and its applications. He must have 
the liberal expansion of mind which comes from 
the study of literature, history and philosophy 
if he is to attain the highest rank. The prob- 
lem, however, of teaching all the professional 
subjects made necessary by the advance of engi- 
neering practice necessarily makes the curriculum 
of the four-year course more and more techni- 
cal and less place than ever remains for any of 
the liberal arts. As a result, President Schur- 
man states: “All over the country men are 


graduating in the engineering courses with an 


ignorance of literature, history and liberal arts 
so dense that no proficiency in science and tech- 
nology can save them from the charge of being 
uncultured, especially when, as so often happens 
as a necessary result of their limited reading of 
literature, they are unable to express themselves 
either in speech or writing in correct English 
prose.” Consequently a five-year course is* sug- 
gested as the next step to be taken for improv- 
ing the education of engineers at Cornell. The 
extra time gained by the additional year is to be 
given up to humanitarian subjects, in order that 
the graduates may receive some measure of real 
education as distinct from technical training. 
This will be considered an advance by a good 
many of the engineers who hold that the next 
great step in elevating their profession will be in 
the broader education of those following it. 
Whether, however, the suggestion of Professor 
Schurman to add an additional year, and prefer- 
ably two years, to the present course in order 
to incorporate liberal arts studies along with 
those of a technical nature should be preferred 
to the requirement of a course in the liberal arts 
in a college as a preparation for technical studies 
will certainly be a matter of debate. It must be 
recognized that in the West where technical edu- 
cation is largely conducted in state-aid colleges, 
the requirements for admission are extremely 
low in the elements of history, literature and the 
arts. While the technical instruction in all parts 
of the country is on a pretty satisfactory plane, 
the fact remains that the instruction in academic 
branches as distinct from scientific branches is 
by no means of such a uniform character. It 
may be better, therefore, to keep technical train- 
ing such as is given in a four-year-course in an 
engineering college an entirely distinct thing 
from the education in a liberal arts course. 


MunicipaL Repair Piants for maintaining as- 
phalt pavements in proper condition have been a 
subject of considerable controversy for a num- 
ber of years. For some time this journal be- 
lieved that the desirability of installing and car- 
rying on such plants was questionable in many 
cities, particularly those where the management 
of public works did not rest in the hands of 
technically trained officials. The experiefice to 
date with such plants has been wholly favorable, 
however. The city of New Orleans is one of 
the largest which has tried such a plant and in 
the last report of Captain Hardee, city engineer, 
the operations for the past year are stated to have 
been entirely satisfactory. The mechanical equip- 
ment is complete in all respects and the stone 
crusher has furnished. a large amount of broken 
stone for other than pavement purposes. The 
asphalt machinery has been worked every day 
during the year except Sundays, holidays and 
rainy days. During the 141 working days it 
turned out 88,947 cu. ft. of wearing surface mix- 
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ture, the largest run in any day being 1,845 
cu. ft.. There has been no break-down whatever. 
The sum of $40,307 has been spent for all re- 
pairs made to asphalt pavements during the 
year, while under the old rates the city would 
have been obliged to pay the Barber Asphalt 
Paving Co. $114,500 for the same amount of 
work. The first year’s saving due to the plant 
is, therefore, $8,000 more than the actual cost of 
the entire installation. 


FINANCIAL Hysterics, like the recent exhi- 
bitions in a few places, are the same strange 
things seen when a crowded street car bumps 
good and hard into a substantial truck. Before 
the motorman and driver are well into their 
controversy concerning each other’s character, 
ability and future abode, some of the passengers 
will have shrieked themselves into a frenzy or 
have fainted away. It isn’t their fault and they 
will be mightly ashamed of themselves afterward; 
but for a time they make a disturbance all out 
of proportion to the danger, and everybody who 
sees them carry on is more or less upset. It is 
about the same when a policeman grabs a husky 
pickpocket and clubs him into submission. Some 
people who don’t know what the row is about 
will vociferously condemn the wanton assault on 
an inoffensive citizen, while the fellow whose 
pocket was picked will be equally mad because 
he has to go to the station house to get his things 
back. A few weeks ago some of our good finan- 
cial policeman fired out of several New York 
banks a few men whose absence from banking 
circles was considered desirable. The usual 
crowd collected at the noise of the row and 
started all sorts of baseless rumors. To cap the 
performance, a fool newspaper reported the next 
day that there was trouble in a great, sound 
financial institution. Immediately there were hys- 
terics; a silly, reasonless exhibition just like the 
ladylike variety we all regard with pity. It has 
scared a good many timid souls through the 
country, however, but perhaps, after all, it was 
a good thing it happened. A few of us will have 
our money tied up for a time in suspended banks, 
but we will get it out again before long. In the 
interim we will learn to be a little careful of our 
pennies, which will do no harm. For some 
months brash persons will not have the means 
to rush headlong into big enterprises which can- 
not stand careful investigation, and some manu- 
facturers may have to hunt around a bit for or- 
ders instead of selecting at leisure the best of 
the host urgently thrust into their hands. The 
trouble will be repaid if Congress will take the 
lesson of recent events to heart, as it seems 
likely to do, and repair our currency system. 
Such a wretchedly inadequate system would long 
ago have brought on a slow fatal decline if the 
basis of our national prosperity was not so vig- 
orous that even this powerful irritant could do 
no more than produce an occasional itch. The 
present system is just about as elastic as a dry 
mud pie, and not much mcre useful. It now ap- 
pears probable that this makeshift will be sup- 
planted very soon by something as good in its 
results as the systems of Great Britain and 
France. The trouble we have had the last few 
weeks has been due mainly to lack of currency, 
and that was caused by the inability of our rigid 
banking law to render any help when a few men 
went crazy, shouted “thief,” and scared timid peo- 
ple into the foolish belief that their money was 
safer under their pillows than in the banks. The 
bankers in a few cities have had a hard time with 
their frightened depositors, but if Congress will 
attend to its part of the job and the people at 
large will refuse to get scared when hysterical 
persons yell “ruin,” this disturbance will be cured 
in short order. 
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The Structural Features of the Singer 
Building, New York. 


The general interest aroused in the Singer 
Building by the widespread stories of the work 
of a steeple-jack on the top of its lofty flag- 
staff makes it desirable to bring together the 
leading facts concerning its structural features, 
already described in detail in many articles in 
previous issues of this journal. The building, at 
the corner of Liberty St. and Broadway, covers 
an area of about 24,000 sq. ft, with a main 
structure having a uniform height of fourteen 
stories, surmounted by a large tower 612 ft. in 
extreme height above the curb. It includes the 
old steel frame Singer and Bourne Buildings 
originally ten and fourteen stories high respec- 
tively, and their additions and extensions which 
have been combined into a single continuous 
structure with fronts of about 133 ft. on Broad- 
way and 238 ft. on Liberty St. The old Bourne 
Building and the old Singer Building have gril- 
lage foundations on sand, the Bourne Building 
addition has reinforced concrete spread footings, 
and the addition to the Singer Building and its 
great tower have concrete pier foundations car- 
ried down by the pneumatic caisson process to 
rock at a maximum depth of about 92 ft. below 
the Broadway curb. 

The building is of fireproof steel cage con- 
struction of the ordinary type, except that special 
provision is made to resist wind pressure in the 
tower. It is designed for office purposes and 
has a two-story curved mansard roof and flat 
deck corresponding with that of the old Singer 
Building. The tower, 63. ft. square at the base, 
has vertical walls faced with brick and lime- 
stone. It is located near the centre of the Singer 
extension with the front wall parallel to Broad- 
way and about 30 ft. back from the curb line, 
so that the main building has the effect of a 
wide base about 200 ft. high for the tower shaft 
The tower contains thirty-three principal stories 
above the main roof, making forty-seven stories 
in all, and terminates in a segmental dome spring- 
ing from the thirty-eighth story and finished with 
a flat déck at the forty-second floor, carrying a 
lantern about 16 ft. square and 63% ft. high, with 
a steel flag-pole rising nearly 36 ft, above it. The 
highest office floor is the fortieth, at an elevation 
of 524 ft. above the curb, and the lantern balcony, 
562 ft. above the curb, is the highest point accessi- 
ble to the public, while the summit of the small 
dome is 612 ft. and the top of the flag-pole is 
668 ft. above the curb. 

The numbering of floors adopted in this arti- 
cle differs somewhat from that used in the pre- 
vious articles. On the architect’s plans two 
stories, known as the ground story and messanine 
story, are not numbered, therefore what is called, 
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on the architect’s plans, the first story is in real- 
ity the second story. The mezzanine story, be- 
tween the thirteenth and fourteenth stories, was 
not numbered, so that in the present numeration 
the story originally designated as the fourteenth 
becomes the sixteenth, and all stories above it 
are. correspondingly changed from the former 
designation, numerals commencing at ground 
level. ' 

The structural features correspond with recent 
practice for steel cage office buildings and are 
most interesting in the provisions for wind brac- 
ing required for the 30-lb. horizontal pressure 
assumed on the entire vertical surface of the 
building. There are 58 lines of steel columns 
with closed rectangular cross-sections, which 
support the beams and girders of the various 
tiers on horizontal connection angles field-riveted 
to their top and bottom flanges. 
story one of the corner columns is carried on a 
triple web cantilever plate girder 30 in. deep and 
18 ft. long, which receives a load of about 500,000 
lb. and is anchored by bearings on the under side 
of brackets riveted to one of the interior col- 
umns. The columns have cast-steel bases dis- 
tributing their loads over I-beam grillages cov- 
ering the tops of the concrete piers. Tower col- 
umns have maximum combined loads of as much 

as 1,637 tons and have correspondingly massive 
lower story sections. 

The heavy wind pressure is resisted by a sys- 
tem of 25 vertical panels of X-bracing between 
adjacent pairs of columns. Four panels termi- 
nate at the sixteenth story, sixteen panels in the 
corners of the tower are carried up to the thirty- 
fourth story, and the remaining five panels, be- 
tween the interior columns of the tower, are car- 
ried up to the thirty-eighth story. In nearly all 
cases the wind bracing consists of full-length in- 
tersecting diagonals in each panel. All of the 
horizontal members are made of pairs of chan- 
nels back to back, and the same construction is 
used for the diagonal members except in the 
highest stories, where the strains are lighter and 
single channels or angles are used instead. Some 
of the wind-braced panels are replaced in the 
lower stories with knee-braces instead of full- 
length diagonals. In the tower, the X-braces are 
arranged in alternate long and short vertical 
panels to clear the door and window openings. 

In all cases the wind braces are field-riveted 
to wide projecting connection plates shop-riveted 
to the columns. In many cases these occur on 
three faces of the same columns, making them 
extremely bulky and difficult to store or handle. 
The tower has 36 columns continuous through the 
fourteen-story building to a point 320 ft. above 
its roof at the foot of the dome 510 ft. above 
the curb. ; 

The four center columns are continuous to the 
forty-fifth story about 580 ft. above the curb, 
where they support the light framework of the 
upper dome about 30 ft. higher. They have a 
total length of 579% ft. each and a cross-section 
of 160 sq. in. at the bottom, while the others are 
only 499 ft. high, but have about the same cross- 
section. Eight of them are anchored with four 
4¥%4-in. vertical screw rods engaging pin-connected 
riveted links extending through the pier 40 or 
50 ft. to its base, where they are secured to an- 
chors cast into the concrete so as to develop the 
full weight of the pier, estimated at about 1,150,- 
000 lb., and the enormous earth friction on its 
vertical sides to resist the maximum upward re- 
action of about 925,000 Ib. developed by the over- 
turning moment of the wind as described in The 
Engineering Record of May 4. 

The four-story dome, 63 ft. in diameter at the 
base and 50 ft. high, has four hip rafters at the 
corner columns. Each of them jis double and 
each part is made of a pair of curved 15-in. 
channels riveted together back to back. They 
are seated on diagonal beams in the thirty-eighth 
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floor, and rise nearly vertical to the thirty-ninth 
floor, above which they curve inward to the 
forty-second floor, having gusset plate connec- 
tions riveted between their webs for each floor- 
beam. They are made in two sections, field- 
spliced in the thirty-ninth story and connected 
at the fortieth and forty-second to cantilever 
floorbeams* projecting beyond the four centre 
columns of the tower. In each face of the tower 
there are four intermediate curved jack rafters 
similar to the hip rafters between them. 

The contract for the sub-structure was award- 
ed September 18, 1906, and required that it 
should be completed ready to receive the steel 
superstructure in 10 calendar days. As soon 
as the old buildings were. demolished, a timber 
platform 30 ft. wide was built on falsework bents 
from the Broadway front through the center of 
the lot nearly to the rear, and served for load- 
ing and unloading materials. It was provided 
near fhe middle with a two-story tower 28 ft. 
high, with clearance underneath for wagons, and 
had a 30-ft. steel extension with a 60-ft. 15-ton 
wooden boom at each corner commanding the en- 
tire area of the lot. 

Wooden caissons of a rhaximum weight of 12 
tons were delivered complete by wagons from 
the contractor’s yard and were unloaded and set 
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Completed Tower Framework. 


in place by the derrick booms, and the concrete 
piers were built like tall vertical shafts on their 
decks, before sinking was commenced, thus sav- 
ing cofferdams and providing a great weight for 
forcing them into the excavation made later by 
men working under pneumatic pressure in the 
usual way. In this way, the thirty caissons were 
sunk a little below the surface of the hard pan 
and the excavation continued below them to rock 
for the concrete filling. The work was carried 
on continuously by two 150-men shifts in charge 
of Mr. Alexander Allaire, superintendent for 
the Foundation Company, contractors. 

All of the structural steel was fabricated at 
the Milliken bridge shop, Staten Island, and 
shipped on lighters to pier No. 11 in the East | 
River, where it was delivered on trucks to the 
Broadway front of the building and immedi- 
ateily unloaded by means of a derrick seated at 
first at street level and afterwards moved up with 
the steel work every second tier. The derrick 
was of special construction designed by the con- 
tractors and had a 75-ft. mast and a 65-ft. boom 
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of 40 tons capacity. Both mast and boom were 
round sticks of timber with cast-steel and forged 
steel fittings, and the mast was provided with 
connections for sixteen 114-in. steel guy ropes, 
only eight of which were used for this work. 
It weighed 10 tons and was equipped with 34-in. 
wire-rope tackles for the hoisting and topping 
lifts which were rove with from nine to three 
parts, diminishing as the work advanced and the 
weight of the members decreased. The derrick 
was hoisted from story to story in the usual man- 
ner, first unshipping the boom and using it as a 
gin pole on the second floor to hoist the mast 
with. The entire operation required only about 


View of 


three hours and was accomplished by the regular 
force of erectors. . 

The steel was either assembled in final posi- 
tion as unloaded or was temporarily stored on 
the highest tier of beams until the columns and 
Occasionally bundles of 
small light pieces were temporarily stored on’ the 
bridge over the sidewalk. The heaviest member 
lifted was a 54-ft. section of one of the columns, 
which weighed 28 tons. All*pieces were handled 
with chain slings. The main part of the building 
was erected at the rate of about two 250-ton 
tiers per week, and was completed up to the 
fourteenth story about June Ist with a maximum 
force of 200 men. The work was then practically 
suspended for nearly six weeks, and when re- 
sumed the tower was erected at the rate of four 
tiers in seven days, the heaviest tier weighing 
about 140 tons. 
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The erection of the tower was commenced at 
the seventeenth floor about the middle of July, 
and was completed Sept. 15th, about 2,000 tons 
of steel having been raised from 200 to 600 ft. 
during that interval. This part of the work 
was considerably delayed by the narrow width 
of the panels, which made it almost impossible 
to store more than one of the bulky column sec- 
tions in each space, and by the awkward location 
of the column splices which, in order to clear the 
wide connection plates for the wind bracing, 
were placed almost midway between the floors 
and required the construction of scaffolds for 
field riveting. 


Singer Building Tower during Erection. 


After the completion of the main building up 
to and including the seventeenth floor, which 
serves as a roof deck, some of the wall columns 
in the Broadway front were continued from the 
fourteenth floor, where they terminated and the 
curved mansard roof rafters commenced, to the 
seventeenth floor at the level of the main flat 
roof by temporary steel columns braced in.posi- 
tion. These carried steel girders and heavy 
wooden beams and planks forming a deck at the 
seventeenth floor level, which extended over the 
curved mansard roof and provided a substantial 
landing platform for the steel members used in 
the tower. 

The 40-ton boom derrick was seated at this 
point and hoisted all steel members from trucks 
on Broadway, deposited them on the platform 
or delivered them directly to a similar derrick 
of 25-tons capacity that was carried up in the 


531 


usual manner with the successive tiers of beams 
in the tower and erected the entire framework of 
the latter. Being located in the center of the tower 
the derrick mast was about 60 ft. from the 
Broadway front of the building and its boom was 
not long enough to command the trucks in the 
street below, hence material was hoisted at two 
operations as already described. 

The 40-ton derrick hoisted from the street 
to the seventeenth floor, a little over 200 ft., in 
about 114 minutes and was operated by a Lidger- 
wood engine permanently located on the first 
fleor. The 25-ton derrick was operated by an- 
other Lidgerwood engine seated’ on the seven- 
teenth floor and provided with steam from the 
boiler for their compressors. It had a maximum 
record of unloading and hoisting 400 tons of 
steel‘in 6 hours. The hoisting tackle for this 
derrick was rove with a spliced 34-in. steel wire 
rope 2,500 ft. long and the iower block was pro- 
vided with a 1,500-lb. cast-iron counterweight to 
assist it in overhauling. In its highest position 
on the fortieth floor, it hoisted materials from 
the landing platform on the seventeenth floor 
about 350 ft. in 3 minutes. It was moved up 
with every second tier of beams in the usual 
manner and was only out of service about 144 or 
2 hours for each operation. Each hoisting en- 
gine was provided with two gongs operated by 
electric buttons at their derricks, signals from 
which controlled all of the hoisting. 

The sixteen columns in the tower were erected 
like those in the main building up to the base of 
the dome, above which the four center columns 
were first erected, together with their beams 
and girders, by the derrick seated on the thirty- . 
eighth floor. The lower halves of all the curved 
dome rafters were then set in position and con- 
nected to the floor-beams and girders, bracing 
them with sufficient stability to maintain them 
until after the derrick was raised to the fortieth 
floor and erected the next section of the four cen- 
ter columns. The upper parts of the double hip 
rafters were then erected and their upper ends 
connected to the column framework of the tow- 
er, after which the intermediate jack rafters were 
erected, the first ones having their upper ends 
guyed until final connections could be made com- 
pleting the framework of the dome. The derrick 
was not moved above the fortieth floor and in 
that position it erected all of the steel up to 
the forty-fourth floor, which is the second in the 
lantern and is about 47 ft. above the fortieth 
floor. The three last floors and the small dome 
extend to a total height of about 36 ft. more, 
and are composed of such light members that 
they were easily handled by breast derricks with 
windlasses raised by hand to the successive tiers. 

Considerable delay and difficulty were experi- 
enced in the erection of the tower, dome and 
lantern on account of the narrow horizontal area 
for working and the consequent necessity of 
keeping the boom derrick topped up in an almost 
vertical position. Very great pains were taken 
here, as in the erection of the framework of the 
main building, to preserve the verticality of all 
columns as accurately as possible. This was ac- 
complished by the liberal use of large numbers 
of wire-rope diagonals in the vertical panels be- 
tween columns and floorbeams. As soon as it 
was erected, each column was carefully plumbed 
and if found at all out of vertical orte, two or 
three diagonals were immediately attached to 
its upper end and adjusted by means of turn- 
buckles which maintained it rigidly in position 
until its splices and brace connections were rivet- 
ed. This method was so successful that when the 
framework was completed to the full height of 
612 ft. above the curb, the greatest deviation of 
the vertical columns in the elevator shaft was 
only 3% in. 

There are about 220,000 field rivets, 34 in. 
and 7% in. in diameter, which were driven with 
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twelve pneumatic hammers of the Chicago, Inde- 
pendent and Cleveland types. Air was com- 
pressed by two Ingersoll-Sergeant machines on 
the first floor which delivered through a 2%4-in. 
vertical stand-pipe run to the top of the building 
and was provided with 2%4-in. horizontal branches 
having 34-in. outlets for numerous flexible hose 
connections at every story. Great pains were 
taken in fitting up, and all imperfect holes were 
reamed with Chicago Little Giant reamers, seven 
of which were provided for this job. The rivets 
were heated in oil furnaces provided with com- 
pressed air blast and were driven by five to nine 
five- -men gangs who made a maximum record of 

1,300. rivets in 8 hours for one gang and 2,450 
rivets in 8 hours for two gangs. 

The erection of the steelwork is now practi 
cally completed and the rigidity of the 6,000-ton 
mass is so great that no vibration has been ob- 
served by the workmen at the summit of the 
slender tower nearly 650 ft. above the column 
bases. The rapidity and efficiency of the steel 
erection has been largely due to the careful prep 
aration made for receiving and handling the 
steel in exactly the required order and in erect- 
ing it without rehandling, the different mem- 
bers being swung complete to place in proper se- 
quence without hesitation and the connections 
immediately made by men who were well-trained 
and competent to carry on the work with conti- 
dence and precision, wasting no unnecessary time 
and completing each operation in readiness for 
the next. 

Great care was taken to maintain a constant 
rigid inspection of the work and of the condition 
of the building so that the scaffolds were always 
safe, the derricks in good order and no tools or 
materials insecurely placed or allowed to fall on 
the workmen below. Consideration was also had 
for the comfort as well as the safety of the work- 
men and a temporary electric passenger elevator 
was installed at the commencement of the work, 
as explained in a recent article in this journal, 
and its guides were extended as fast as the 
framework was erected especially to provide ac- 
commodations for the workmen, who were cai - 
ried up and down in it to the rapidly increasing 
height of the building and thus saved much 
time and labor which would otherwise have been 
wasted in climbing ladders or stairs. 

The steel erection is now practically completed 
and is entitled to the enviable distinction of two 
records, one for the great rapidity of construc- 
tion and successful completion of a framework 
nearly double the height of any previous steel 
building, and the other for the execution of the 
lofty and difficult work without loss of life or 
a single serious accident, results which are most 
creditable to Mr. W. R. Waterbury, general su- 
perintendent of the steel erection for the con- 
tractors, and Mr. W. Craig, superintendent in 
charge. 

The construction of the walls, floors, ceilings, 
partitions and the installation of the equipment 
followed as rapidly as possible after the erection 
of the steel work and was well advanced in the 
lower part of the building before the last of the 
many tiers of steel were in position. Heavy 
decks of the ordinary type were built over the 
Broadway and Liberty St. sidewalks and were 


used chiefly for storing stone and other material ” 


and for the occasional temporary accommodation 
of light pieces of steelwork. Underneath them 
elevated bridges were built to carry pedestrians 
while work was in progress for the vaults and 
sidewalks below, and two wide entrances were 
arranged to the interior of the building so that 
trucks could drive in, make a circuit and return 
continuously through the other as an exit with- 
out interfering. 

All materials for interior construction were de- 
livered by trucks which unloaded them inside 
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the building, where a portion of the cement, fire- 
proofing and other supplies was stored on the 
first and basement floors, but the greater part was 
immediately hoisted by four hod elevators to 
the stories where it was required. Floor con- 
struction was commenced .April 15 and was car- 
ried on almost as rapidly as the ‘steel erection, 
being maintained two or three tiers below the 
latter. All floors are made with National Fire 
Proofing Company’s hollow tile flat arches and 
had Crown finish dispensing entirely with wood. 
Brick laying was commenced April 15th by John 
F. Brady & Co., and stonework for the exterior 
walls of the main building was commenced May 
Ist and for the tower August 25th. Exterior 
Kavanagh suspended scaffolds operated by the 
masons were used and all of the stone work 
was anchored by galvanized iron bars. 

The trim is all pressed steel and the doors, 
window frames and sash are kalamined copper 
thus eliminating all woodwork except in por- 
tions of the old building. The windows in the 


court and up to the twentieth story of the tower © 


are glazed with wire glass and all structural steel 
is protected by concrete or terra-cotta covering. 
The top of the building is waterproofed by the 
Hydrex Felt & Engineering Co. All construc- 
tion was supervised directly by the architect’s 
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Standard Tunnel Section, Eagle River Can- 


yon, Denver & Rio Grande R. R. 


office, no general contracts being awarded. Mr. 
Ernest Flagg is the architect of the building; 
Mr. O. F. Semsch, of his staff, chief engineer ; 
Mr. Frank P. Whiting, general superintendent ; 
Messrs. E. A. Rogers, H. J. Howell, and C. S. 
Heney, superintendents. of the various sections. 
Messrs. Boller & Hodge are the consulting engi- 
neers for the structural iron, and Mr. Chas. G. 
Armstrong for the mechanical plant; R..W. Hunt 


& Co., inspectors of the structural iron; E. Ken- 
nard Thompson, inspector of foundation cais- 
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Prat-COKE MANvFACcTURE by the Ziegler pro- 
cess has recently been started at Beuerberg, Ba- 
varia. The peat is cut up, pressed and exposed 
tothe air until evaporation has reduced its water 
to less than 25 per cent. of the whole mass. This 
peat is then placed in a retort for 18 hours. The 
coke is finally received- in air-tight iron cars 
which are left for 6 to 8 hours to cool before 
they are discharged. Each retort yields during 
every 24 hours 8 to 10 tons of coke: The gas is 
passed through various tanks and towers in 
which the by-products are separated, and is then 
employed in assisting the retort process which 
could not even’ commence without the external 
application of heat. 
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Tracks in Eagle River Canyon. 
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Views in the Canyon Looking toward Belden from the East and the West. 


Double-Track Work Through Eagle River 
Canyon, Denver & Rio Grande R. R. 


el 


The main line of the Denver & Rio Grande 
R. R. reaches the crest of the continent on the 
east by closely following the course of the Ar- 
kansas River from Pueblo to the headwaters 
of the Tennessee Fork. The main range of the 
Rocky Mountains is pierced at Tennessee Pass 
by a tunnel 2,572 ft. in length, the elevation of 
the highest point reached by the track being 
10,239 ft. above sea level. On the Pacific slope 
the line follows the course of the Eagle River 
from its head to a confluence with the Grand 
River, thence down the canyon of the Grand to 
the mouth of the Gunnison River at Grand Junc- 
tion. 

The maximum rate of grade on the eastern 
slope is 1.42 per cent., which is also the ruling 
gradient between Pueblo and Tennessee Pass. 
The ‘descent on the western slope is accomplished 
by the use of 3 per cent. gradients between Ten- 
nessee Pass and Minturn, a distance of 21 miles. 
West of Minturn the ruling gradient is 1.33 per 
cent. opposed to east-bound traffic between Glen- 
wood Springs and Minturn, the gradient in con- 
trol between Grand Junction and Glenwood 
Springs being I per cent. 

Salida is a division terminal where are effect- 
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ed complete changes of locomotives, engine crews 
and train crews in both freight and passenger 
service. Minturn is a terminal for locomotives, 
engine crews and train crews in freight service, 
and for locomotives and engine crews in passen- 
ger service. Thus the portion of the main line 
between Salida and Minturn is an engine dis- 
trict for both freight and passenger service. 

The short stretch of 3 per cent. grades between 
Minturn and Tennessee Pass necessitates the use 
of a large number of helper engines. The home 
of these helpers is at Minturn, to which point 
they return light after a trip to Tennessee Pass. 
This condition tends towards a congestion of 
trafic on the 21 miles of 3 per cent. grades, and 
on account of the rapid growth of both freight 
and passenger business, it has been found im- 
perative to construct a second main track over 
a portion of the distance. 

To facilitate the rapid dispatch of trains enter- 
ing and leaving freight terminals the policy adopt- 
ed some years ago was to construct double track 
for a short distance on either side and through 
the yards of such terminals. Hence in consider- 
ing the matter of double-tracking a portion of 
the 3 per cent. gradient it was deemed expedient 
to extend the second track eastward from Rex, 
the easterly end of the existing double-track 
through the Minturn terminals, to Red Cliff, a 
distance of 5 miles. Perhaps, because of the pe- 


culiar topography of the country and the unusual 
physical characteristics of this portion of the 
line, a more difficult piece cf double tracking 
could not have been undertaken. 

In this portion of its course, Eagle River 
flows through a very narrow and sinuous can- 
yon, in fact so narrow that it was found im- 
practicable to parallel the old with the new 
track. Further complications in the existing 
congested condition of the canyon are occasioned 
by numerous patented lode and placer mining 
claims, a number of which are operated to a 
considerable extent. Accordingly it was deemed 
expedient to locate the line, for a greater por- 
tion of its length, on the opposite side of the 
river from the present track. In order not to 
exceed I0 deg. as the maximum curvature, five 
river crossings and three short tunnels were nec- 
essary in the 5 miles of line, but in this distance 
only three of the maximum curves were used. 
The tunnels and all of the bridges, except one, 
are on curves. The maximum gradient on the 
old track is 3 per cent., but this rate of grade 
not being continuous over the entire distance, it 
was therefore possible to use a maximum gradi- 
ent of 2.3 per cent. on the new track. This re- 
duction, though slight, is of especial benefit since 
the new track is for east-bound or up-hill trains. 

As is usual in mining districts the right-of- 
way matters were somewhat complicated. The 
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numerous claims with their surface improve- 
ments, tunnels and waste dumps necessitated 
rather tedious and laborious negotiations on the 
part of the railroad right-of-way agents. In 
some instances it was found advisable to con- 
struct retaining walls on the river side of the 
roadbed in order to provide ground space for 
mining operations. 

The grading was performed by local Colorado 
contractors. An air compressing plant was in- 
stalled at Belden, midway between the extreme 
ends of the work. From this plant compressed 
air was piped both ways to furnish power for 
the operation of air drills, which were used both 
in the tunnels and in the open cuts. ‘The classifi- 
cation of pay quantities was as follows: Embank- 
ment, 135,220 cu. yd.; loose rock excavation, 
115,315 cu. yd.; solid rock excavation, 153,705 
cu. yd.; rip-rap, 2,670 cu. yd.; retaining wall, 
6,190 cu. yd.; tunnel, 760 lin. ft. 

The tunnels were all driven through solid 
rock without timbering or other lining, and are 
notable because of the large section, 18 x 25 ft. 
This large section was adopted in order to con- 
form closely to the Denver & Rio Grande stan- 
dard clearance diagram for steel bridges. Be- 
cause so large a portion of the entire grading 
quantities consisted of rock excavation, the work 
was carried on through the winter months with- 
out serious inconvenience. Extreme vigilance in 
putting off blasts was necessary on account of 
the multitude of trains passing in such close 
proximity to the work, and the contractors are 
to be commended for the able manner in which 
the work of grading was conducted. 

For the smaller drainage openings under the 
roadbed, cast-iron pipe and reinforced concrete 
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box culverts were used. The river crossings 
necessitated one double track 48-ft. through gir- 
der, two single track 80-ft. through girders, and 
two single track 80-ft. deck girders. One span, 
an 8o0-ft. deck girder, occurs on tangent. All the 
remaining bridges are situated on heavy curva- 
ture. : 

The abutments were all constructed of plain 
concrete masonry, and, owing to the geological 
formation, no trouble was experienced with 
foundations. 

The girders were designed for a reinforced 
concrete floor slab and track ballast, in conform- 
ity with Denver and Rio Grande Specifications for 
Steel Bridges, and as a result they are somewhat 
notable on account of their great weight. The 
ballast used is of the best quality of broken 
stone, and unusual care was exercised in order 
to secure a desirable character of concrete in the 
floor slabs. 

Field riveting on bridges was accomplished by 
air power furnished from a flat car fitted up 
with a steam-driven air plant. The construc- 
tion of concrete abutments and all other field 
work pertaining to the bridges and culverts was 
performed by company forces. 

Denver & Rio Grande standard 85-Ib. section 
rails 33 ft. long with plain four-bolt angle bars 
and flat bottom tie plates were used in laying 
the track. In order to easily secure a proper 
and uniform amount of space at the joints for 
variations in temperature the track was laid from 
Rex easterly or “up hill.” 

The entire work of construction was carried 
on without interruptions to traffic, and the new 
track was placed in operation for east-bound 
trains on Oct. 27 last. 
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The Union Pacific Gasoline Motor Cars. 


For operation on its branch lines which do not 
furnish enough passenger business to be conomi- 
cally or satisfactorily handled with trains drawn 
by locomotives, and in order to give a more fre- 
quent service on other lines, the business of which 
will not warrant additional steam trains, the Union 
Pacific R. R. Co. has developed in its Omaha 
shops a remarkably efficient gasoline motor car. 

This type of car, namely, the straight gasoline 
transmission, was chosen for the reason that it. 
could be most satisfactorily operated in connec- 
tion with steam freight service, and would be 
economical for a volume of passenger business 
too small even for electrical operation. Before 
undertaking the designs for the motor cars, a 
careful study was made of the various types of 
cars already experimented with or in use. In 
Europe, more headway has been made with the 
self-propelled car in a general way than in this 
country, where more attention is paid to the 
This is readily accounted for by the 
fact that the development of the self-propelled 
car has been largely by railway men, thoroughly 
acquainted with the steam locomotive and having 
a very limited knowledge of gas engine power. 

In the investigations, two methods were avail- 
able, one in which the engine transmits its power 
directly to the axle, and the other in which the 
engine drives an electric generator that fur- 
nishes current to motors connected to the axles. 
The latter was considered to have a number of 
objections, namely, additional first cost for gen- 
erators, dynamos, storage batteries and control- 
ling mechanism, and a great additional weight, 
loss in efficiency, and complication of electrical 
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and mechanical problems. While the electrical 
transmission has the advantage of being able to 
drive more than one axle, the objections to the 
system so far outweighed the advantages in the 
opinion of the company’s engineers that straight 
gasoline transmission was decided upon. 

A four-wheel experimental car 31 ft. long, 
weighing about 40,000 lb., and equipped with a 
100-h.-p. engine, was completed in March, 1905, 
and immediately put through a series of most 
exacting’ trials. 

Although not intended for pulling trains, its 
tractive power was tested by attaching two pas- 
senger cars weighing together 112,100 lb. With 
this load the motor ascended a one-third per 
cent. grade, and also stopped and started several 
times on the grade without difficulty. With one 
car weighing 52,100 lb., it ascended a 1.6 per 
cent. grade at a rate of tr miles an hour. After 
successfully making a trip under its own power 
from Omaha to Portland, Ore., and return, in- 
cluding the steep ascent of 27 miles on Sherman 
Hill, the motor went into daily service on one 
of the company’s branch lines, 65 miles long, 
making the round trip daily. 

As soon as’ sufficient experimental data had 


’ been secured through operation of this first car, 


and the management felt seasonably sure of the 
ultimate success of cars designed along these 
general lines, designs for an improved motor of 
greater capacity were worked out and up to the 
present time fourteen of these cars have been 
completed and put into operation, while there 
are still seventeen more to be completed during 
1907. : 

The cars are 55 ft. long, with a seating capacity 
of 75 passengers. They weigh approximately 
58,000 Ib. They are provided with two four- 
wheel trucks, with 33-in. wheels, except the 
front driving wheels, which are 42 in. in diam- 
eter. 

The car body is unique in many ways. Its rear 
end is semi-circular, to reduce to a minimum 
the air suction when the car is running, at the 
same time making a beautiful observation end, 


_ which is appreciated. very highly by the passen- 


gers. At its front end, the sides of the car 
gracefully curve to a point, and the roof is 
curved down to the eaves, giving somewhat the 
appearance of the bow of an inverted boat. The 
object of this peculiar contour was to reduce to 
a minimum the air ‘resistance when running at 
high speed. 
In the tests made on the electric line between 
Berlin and Zossen in Germany, and also by the 
Electric Railway Test Commission, during the 
Louisiana Purchase Exposition, the great advan- 
tage of the wedge-shaped front end was demon- 
strated. These tests showed that the parabolic 
front offered only one-fourth the resistance that 
a car with a square flat end did. From the re- 
sults obtained in these tests, the parabolic front 
end on the car would offer a resistance equiva- 
lent to 21.9 h.-p., while a plain flat end would 
offer a resistance equivalent to 87.5 h.-p. under 
the same conditions. 
To secure the maximum strength in the car 
body, with minimum weight, and in order to have 
practically a fireproof car, the body is. built 
wholly of steel. The prevailing type of roof 
used in wooden cars, with upper deck and ven- 
tilating sash, has been entirely discarded, and is 
superseded by a semi-elliptical roof, which, with- 
out sacrificing the comfort of the passengers, 
has been made 2 ft. lower than the old standard 
design. With this new tpe of roof, a car of 
great stiffness can be secured, with compara- 
tively light steel posts and carlines, by uniting 
these parts into one piece of 2-in. channel sec- 
_tion, extending from the side sill on one side, 
continuing around and down the other side of 
the opposite sill. 

The underframe is unusually light and well 
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braced. A single center sill is formed of an 8-in. 
I-beam with side sills of 6-in. channels. The 
body bolsters are of cast steel. 

The round windows are a distinctive feature 
of this car, made in somewhat the same manner 
as the port-holes in a ship, only very much 
larger, and give promise of being brought into 
very general use in passenger car equipment in 
a very few years for the reason that they give 
an absolutely water and dust-proof window. 
The side wall of the car is only 2 in. through, 
in place of 6 or 7 in. as in the average coach, 
giving a more continuous view of the country 
to the passengers, and allowing the use of a 
wider seat, which increases the capacity of the 
car some 25 or 30 per cent. 

The car is ventilated by a forced system of 
ventilation, fresh air being taken in at the top 
of the car at the front end, and distributed along 
the floor, the foul air being exhausted through 
ventilators in the roof. 

The car is: heated mainly by hot water com- 
ing from the cooling system of the engine, water 
being circulated through coils of pipe on both 
sides of the car. In summer, the engine jacicet 
water is circulated through pipes under the car, 
and during the successive changes in tempera- 
ture, the amount of water passed into the car 
for heating purposes is very nicely regulated. 


The car is lighted by electric light or acety- . 


lene gas, the individual lamp system being used, 
placing a lamp over each seat, giving a beauti- 
ful clear light for reading, the light being be- 
hind an oval opalescent globe. 

The interior of the car is finished in Cuban 
mahogany, the ceiling painted in soft colors 
pleasing to the eye. Comfortable . upholstered 
seats are provided, suitable for seating three in 
a seat. 

The engine compartment, as in all cars, is at 
the front, taking up about 12 ft. of space. The 
balance of the car is devoted to seating space 
for passengers. Two of the cars turned out 
have been built with a small baggage compart- 


ment back of the engine room. The entrance for : 


passengers is at the side of the car, near the 


center, which does away with the necessity of 


rear-end vestibules, facilitates the loading of pas- 
sengers, and when the car is running, the doors 
are closed and steps are not exposed to the ele- 
ments. 

The engines have six cylinders, connected in 
opposed sets of three cylinders each, so that the 
crank shaft receives three power pulsations per 
revolution. Although in general appearance the 
engines resemble somewhat the form used in 
automobiles, they are built with special reference 
to railroad service and the severe duty imposed 
upon them, The engine is located on the for- 
ward truck of the car between the bolster and 
the front or driving axle, and supported on the 
side frames of the truck. Eight spiral springs 
over the truck wheels carry the engine, while 
the car body is carried on elliptic springs under 
the truck bolster, thereby preventing all vibra- 
tion in the engine reaching the car. The power 
transmission from the engine to the axle is 
through a 5-in. silent-running chain. 

Two speeds only are used, one for starting the 
car, and the other thrown into commission after 
running about a car length. No power is trans- 
mitted through gears in the high speed, which is 
used 95 per cent. of the time, everything being 
locked, making a direct drive from the engine 
to the axle through the chain. 

The engine is a reversible engine and can be 
run just as readily backward as forward. The 
speed of the engine is regulated by throttling the 
supply of gasoiine, and this method has given 
the greatest satisfaction. Care has been used 
in designing inlet piping from the carbureter, to 
give an equal supply of vapor to each cylinder. 

Compressed air is supplied through a pump 
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driven by an eccentric on the main shaft of the 
engine, the air being stored in suitable reservoirs 
and being used for starting the engine, braking 
the car, the whistle, and sanding the rails. The 
reverse, throttle and spark advance levers are 
all conveniently located near the operator’s post, 
as are also all air connections for operating the 
gear clutches; in fact, everything required in 
the handling of the car is located at either hand 
of the motorman. A straight air brake system 
is used, braking with 60 lb. brake cylinder pres- 
sure, while the main reservoirs carry from 110 to 
150 lb. of air. 


On the first seven cars a I00-h.-p. engine was 
used, having cylinders 8 in. in diameter with a 
1o-in. stroke. The eighth car and all cars fol- 
lowing it are equipped with 200-h-p. engines 
having cylinders 10 in. in diameter with 12-in. 
stroke. On a long-distance trial on the main 
line of the Union Pacific, a car equipped with a 
100-h.-p. engine followed Overland Limited out 
of Omaha, running as second section of that 
train, leaving the depot ten minutes behind the 
first section. After covering 46 miles the motor 
car was continually held by the block of the 
limited train. A run of 153.6 miles was accom- 
plished in 4 hours and 32 minutes, or 34 miles 
per hour. - A maximum speed of 53 miles per 
hour was obtained. 


One of the recent cars, with a 200-h-p. en- 
gine, on Aug. 3, followed the Overland Limited 
out of Omaha and was held by her block contin- 
ually. At Lexington, 220 miles from Omaha, the 
motor car was allowed to run ahead of the Over- 
land Limited, and from Lexington to North 
Platte, with a clear track, sh'e made a maximum 
speeds of 65 miles per hour, and went into North 
Platte 40 minutes ahead of the limited. 


The cost of operation varies more or less with 
the length of the run the cars are making, and 
it is hard at this time to give any definite figures 
on operation, but the consumption of gasoline 
averages from 3 to 4 miles per gallon, according 
to the class of service and grades on line, mak- 
ing the cost of fuel in the neighborhood of $3.50 
per 100 miles. 


The original suggestion in regard to the devel- 
opment of a self-propelled motor car, was made 
by Mr. E. H. Harriman, president of the Union 
Pacific Railroad. Under the direction of Mr. Ai 
Kruttschnitt, director of maintenance and opera- 
tion, and Mr. A. L. Mohler, vice-president and 
general manager, this car was designed, built 
and developed to its present form at the Omaha 
shops under the personal supervision of Mr. 
W. R. McKeen, Jr., superintendent of motive 
power and machinery, and his corps of assistants. 


A Cuain anp Bucxer Drence designed to raise 
600 tons of material per hour from a depth of 66 
ft. below water level was completed last summer 
for the port work at Rio de Janeiro, Brazil, ac- 
cording to “Engineering,” London. The work on 
which the dredge will be used comprises 6,000 
linear meters of quay wall, having a minimum 
depth of water alongside of 33 ft. at mean tide, 
and a channel 800 ft. wide and 33 ft. deep from 
the natural deep water. The dredge, which is 
named the “Affonso Penna,” is 176 ft. long, 35 ft. 
in breadth and 13% ft. deep. On account of the 
depth to which it will work and the difficulty of 
the material encountered, stiff clay, the ladder 
carrying the buckets is built very heavy. It is 
130 ft. long and weighs 200 tons. The section 
consists of two fish-bellied girders, with both the 
flanges and webs braced together at short intervals 
by diaphragm plates. The main spur wheels 
which drive the tumbler of the bucket-chain 
mechanism are made with removable rims, which 
slip in case a bucket strikes an immovable object. 
The buckets are made very heavy and have cut- 
ting edges of high-quality steel. 


536 


Erecting Roof Trusses with a Tower Derrick. 


Several years ago the steel framework of the 
freight ‘shed at the Mount Royal Station of the 
Baltimore & Ohio R.R., Baltimore, Md., was 
rapidly and economically erected by a traveler 
which consisted of a simple 4-post wooden tower 
on top of which was mounted a stiff-leg derrick 
with a length and capacity sufficient to command 
all parts of the shed and assemble the different 
members which were temporarily braced or guyed 
until their final connections were made. The 
traveler was mounted on two flat cars furnished 
by the railroad company and was operated by a 
hoisting engine seated on one of the cars which 
together with the pile of old castings provided 
the counterweights for the derrick reactions. 
The traveler. mast was independent of the tower 
post and was free to swing nearly 270 deg., thus 
giving a wide sweep to the boom. The traveler 
was run. back and forth parallel. with. the axis 
of the train shed and was moved, with full load 
swinging from the boom, by lines operated by the 
capstan heads of the hoisting engine. 


Tower Derrick Unloading 


The traveler tower 25 ft. square and 30 ft. high 
was built throughout with roxio-in. and 8x8-in. 
vertical and horizontal timbers and single 7%-in. 
square X-brace rods in all panels, both vertical 
and horizontal. The corners of the vertical pan- 
els were knee-braced by planks bolted across the 


outer faces of the timbers. . The boom was a. 


IOxI0-in. timber 50 ft. long connected to the 
foot of the tower and had a capacity of 5,000 
lb. live load and 1,000 Ib. dead load at a radius 
of 35 ft. The mast had a total height of 50 ft. 
above the boom seat and its upper end. was 
braced with two 8x8-in. stiff legs run to the op- 
posite-rear corners of the tower. The principal 
stresses developed by the 6,000-lb. boom load 
were 6,000 Ib. in the boom, 4,500 lb. in the top- 
ping lift, 5,400 lb. in each back leg, 5,050 Ib. in 
the mast, 10,000 lb. in the front tower legs and 
6,550 lb. in one of the tower diagonals. Two 
6,000-lb. counterweights were required at oppo- 


site diagonals in the base of the tower and the. 


maximum reaction there was 8,400 Ib. 

The overhead electric cables for the belt line 
railroad were carried over the site of the train 
shed, suspended from steel towers erected over 
the track. These towers consisting of four ver- 
tical posts X-braced close together longitudinally 
and connected at their tops by a pair of very 
light transverse lattice girders with clearance for 
train service below their bottom flanges. The 
cables were first temporarily supported on verti- 
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lustrations and arranged to permit continuous 


trafic with the electric locomotives. The elec- 
tric cable towers were then removed by the der- 
rick boom in advance of the erection, great care 
being taken to prevent men or materials com- 
ing in contact with the live wires. Later when 
thé wires were transferred to the shed and sus- 
pended from its new roof trusses the current 
was temporarily cut off. 

The material for the main shed was shipped di- 
rect from the bridge shops and unloaded: at 
the site by a special boom rigged for that pur- 
pose on the rear lower corner of the traveler. 
With the aid of the traveler: booms when neces- 
sary the members of the trusses were.assembled 
in a horizontal plane on blocking on the ground 
and the splices were field riveted complete before 
the trusses were erected as single pieces. 
erection progressed rather slowly on account of 
the delays due to the maintaining train service 


and to the danger and difficulty from the. elec-' 


tric current in the live wires; but in some cases 


as many as four complete panels: of the struc- 


ture were erected in one day. 


The Maryland Penitentiary has riveted roof 
trusses of about 50 ft. span seated on solid ma- 
sonry walls 60 ft. high without openings. The 
material for the trusses was delivered in sec- 
tions outside the building and was lifted over 
the walls and assembled and riveted on the 
ground inside the building to make the com- 
plete trusses which were erected by a wooden 
traveler about 60 ft. high. It consisted of a 
rectangular tower two panels high with the stiff- 
leg boom derrick seated on top at one corner and 
operated by a hoisting engine carried in the base 
of the traveler. All jack rafters and purlins were 
erected by the same boom and a 16-ft. cantilever 
working platform was extended from the top of 
the traveler in front for use in placing the nu- 
merous light T-bars in the ceiling. Roofs were 
built on two long wings, of the building which 
were so situated that it was necessary to take 
the traveler to pieces after completing one roof 
and re-erect it for the assembling of the second 
roof. This was accordingly done and the steel 
work was rapidly erected without accident. The 
work was fabricated and erected by the Mary- 
land Steel Co.,.Mr. C. F. Spinney, engineer. 


A Srxteen-Mire Cur-orr is about completed on 
the Baltimore & Ohio’ R. R. between Lodi and 
Nova, O., reducing the distance by more than a 
mile. and eliminating some heavy grades and 
curves. This cut-off will complete the double- 


cal wooden posts shown in the accompanying il.., {tracking fromyYoungstowtp te:Chieago Jufictiomn « 
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The Hydro-Electric Plant of the Black Hills 


Traction Co. 


By Samuel H. Lea, M. Am. Soc. C. E., State Engineer of 
South Dakota. 


In the Black Hills of South Dakota are sey- 
eral streams of considerable size, which have 
their origin among snow-capped peaks and are 
fed by springs along their upper reaches, thus 
maintaining a constant and fairly uniform flow. 
These streams, in the course of their descent to 
the plains below, flow in narrow valleys and 
have a heavy fall throughout most of their 
length. ‘These features are especially valuable 
for hydraulic power development; several water- 
power plants have been constructed, and others’ 
are projected on the streams among and adjacent 
to the Black Hills. ’ ‘ 

The Redwater River is a’ stream which is fed’ 
largely by springs, and which, having swift and 
steady flow in its channel, is but little affected: 
by floods or freshets. It has a ‘rapid fall along’ 
its entire course and is practically free from ice 
even in the coldest weather. It is, therefore, 


Roof Truss. : 


valuable as a source of power, both on account 
of the high power-head afforded by its rapid 
fall, and also because there is no danger to 
wheels or machinery from floating ice, as wouid 
be the case in a colder stream. This river has 
been utilized for power purposes by the Black 
Hills Traction Co., whose hydro-electric plant 
near the town of Spearfish, S. D., has recently 
been completed. This plant is.a good example 
of modern hydraulic power construction, and it. 
is thought that a description of it would be of 
interest. Before going into detail, however, a 
brief statement will be made concerning the 
use of water for beneficial purposes in South 
Dakota. 

Under laws of South Dakota, the State has 
control of all the waters in the State, except: 
navigable streams; and all applications of water 
to beneficial use in this State must be made 
under the supervision of the State Engineer. In 
each case of the appropriation of water a per- 
mit therefor must be obtained from the State 
Engineer’s office. In the case of the construc- 
tion of a dam and diversion works detailed plans 
of same must accompany the application for a 
permit and must be approved by the State Engi- 
neer. The writer, as State Engineer, 1s neces- 
sarily in close touch with all matters connected 
with the appropriation and diversion of water 
from the various streams in South Dakota, and 
is more or less familiar with the details of plans 
for, hydraulic power development in the State. 
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Wood-Stave Pipe Line. 


The point of diversion of the water is about 
2% miles east of the South Dakota~-Wyoming 
boundary; it is about 10 miles southwest of the 
town of Belle Fourche, in Butte County, South 
Dakota. The water is taken from Redwater 
River just below its junction with Crow Creek. 
The yolume of water taken is about 150 cu. ft. 
per second; this is conveyed about 54 miles 
through canal and flume to a forebay situated 
4,480 ft. distant from the ‘power house and 117 
ft. in elevation above same. From the forebay 
the water is conveyed to the power house 
through a wood stave, steel banded pipe. 

The power house is situated on the bank of 
the river, well above the ordinary high-water 
level of the stream at that point. The transmis- 
sion line is carried across country through the 
town of Spearfish to Deddwood, and thence to 
various mines in the vicinity requiring power. 
The accompanying views are from photographs 
taken at various places along the completed 
work, — 

The dam for diverting the water into the 
power canal is a rock-filled log crib structure, 12 
ft. wide on the top, and Having an apron faced 
with 3 in. plank, extending 25 ft. downstream. 
The crest of the dam is 100 ft. long between the 
end cribs, giving a spillway of ample size. An- 
chorage to the tnderlying formation of clay was 
obtained. by means of piles, driven to a depth 
of from 4 to 6 ft. and a row of sheet piling 


was driven along the upper fate of the dam for 
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a cut-off. On the upstream face of the sheet 
piling was placed a backing of earth, well pud- 
dled and with a broad base. The crest line of 
the spillway is 8 ft. above the bed of the river, 
and the total width of base is 60 ft. This con- 
struction has afforded satisfactory results and 
the dam is in excellent condition both as to 
water-tightness and solidity after over two years 
of use. 

The intake has an entrance width of 16 ft., 
which narrows to 12 ft. at its connection with the 
canal. The flow of water is regulated by three 
valves, each 4x6 ft. placed at the head of the 
intake. No special precaution was considered 
necessary for preventing the passage of sand or 
silt, as the water is unusually free from floating 
detritus. 

The canal is 12 ft. wide on the bottom with 
side slopes varying according to the nature of 
the material. It is designed to carry 4 ft. depth 
of water at a mean velocity of 2 ft. per second. 

For the greater part of its length the canal 
was excavated in earth with side slopes of 1 to 
1. Where rock was encountered the side slopes 
were made as steep as % to 1. In several places 
along the route where the ground was low, an 
embankment was made on the lower side of 
the canal line and the water was allowed to 
spread out and form a pond on the upper side. 
In this way considerable storage was obtained 
where most needed for taking care of peak loads. 

At several points along the route streams and 
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valleys are crossed and at these places the water 
is carried through a timber flume of rectangular 
cross-section. This flume rests on mud-sills 
‘spaced 6 ft. apart on banks; where openings are 
crossed, it is supported on pile bents, spaced 12 
ft. apart, each bent containing three 12-in. piles. 
An interesting feature in its. construction is the 
method used in connecting the flume with the 
canal at junction points. This is effected by 
means of a concrete apron which acts as a lining 
for the canal at the point of connection, and. to 
which the flume is fastened by means of 34x16- 
in. bolts at. the sides and 34x24-in. bolts at the 
bottom. 

The forebay consists of a natural basin or res- 
érvoir into which the canal discharges. The 
lower end consists of an earth dam into which 
is built the upper end ofe the water conduit. 
Where surrounded by the dam structure the wood 
stave pipe is protected by a ring or covering of 
concrete. The entrance to the pipe line is pro- 
tected by an inlet wall, with screen for pre- 
venting the entrance of foreign matter into the 
conduit. 

From the forebay to the power house, a dis- 
tance of 4,480 ft., the water is conveyed through 
a wood stave, steel-banded pipe 6 ft. in diameter. 
Just above the power house this 72-in. pipe is 
divided by a Y-branch into two 54-in. pipes which 
convey the water to two separate units. Each 
unit consists of a Pelton Francis turbine water- 
wheel, capable of developing 1,068 h.-p., which 
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is direct connected to a 500-kw. Westinghouse 
generator, which runs at 400 r. p. m. 

The wood-stave pipe is built of Washington 
fir. The staves of the 72-in. pipe are 2!4x8 in.; 
those of the 54-in. pipe are 2x6 in. The pipes 
are banded with 5%-in. steel rods, spaced ac- 
cording to pressure, with a factor of safety of 
four. A 38-in. riser is built just above the junc- 
tion of the 72-in. pipe with the two 54-in. pipes, 
to relieve the pipe line of water ram. 

The power house is a substantial masonry 
structure with the interior arrangement of ma- 
chinery shown in the accompanying illustration. 
There are two main units, each with a capacity 
of 1,068 h.-p., as stated above, and two direct- 
current exciters, each having 35-kw. capacity at 
125 volts. These are operated at 1,050 r. p. m., 
and are direct-connected by face couplings. to 
50 h.-p. water wheels of the same make as the 
large wheels. A t1o-ton traveling crane is 
mounted on overhead runways. The governor 
is of a type made by the Pelton Water Wheel 
Co., of San Francisco, Cal. It is especially 
adapted to the Francis type of turbine, operat- 
ing under high head, such as is used in this 
installation. 

The transformer house contains seven 180-kw. 
Westinghouse water-cooled transformers, which 
raise the initial voltage of 440 to 24,000. The 
current is transmitted over a pole line a distance 
of 23 miles to Deadwood and vicinity for use 
in the mines and mills. 

At a test run made at the plant in April, 1907, 
1,683 h.-p. were developed on a switch board. 
The calculations are that the company will be 
able to deliver 1,200 h-p. continuously at the 
end of its transmission lines. 

An important factor in the efficiency of the 
installation, one which insures continuous ser- 
vice summer and winter, is the fact that about 
one-half of the water supply comes from Crow 
Creek, a stream which originates in springs less 
than one mile above the head works and whose 
water enters the canal at a minimum temperature 
of 46°, thus preventing the formation of ice in 
the canal during the coldest weather. 

The company is a South Dakota corporation, 
owned almost exclusively by residents of the 
town of Spearfish. Mr. H. S. Vincent, C. E,, of 
Deadwood, S. D., was the engineer of the com- 
pany during construction, and Capt..R. M. Jones, 
of Denver, Colo., planned and installed the power 
station and equipment. Henry Keets, of Spear- 
fish, is the president and manager of the com- 
pany. To him is due the credit of promoting, 
organizing and financing the proposition and of 
carrying it to a successful completion. 

When the fact is considered that all of the 
construction material and the heavy machinery 
used in this plant was hauled several miles over 
mountain roads from the nearest railway station, 
it is evident that the building of this plant in its 
isolated location, was an undertaking of some 
magnitude. p 


A SUSPENDED TRACK SCALE with a capacity of 
200 tons has been installed for the Jones & 
Laughlin Steel Co. by the Standard Scale & Sup- 
ply Co., Pittsburg. The levers are carried above 
the track by a steel structure, consisting of four 
gallows frames supported on concrete piers, which 
tise 5 ft. above the ground. The columns on 
each side of the track are braced by horizontal 
members and by X-bracing. Heavy. knee-braces 
are provided between the columns, and the hori- 
zontal beams spanning the track to give trans- 
verse rigidity. The platform is 46 ft. long and its 
weight is carried to the scale levers on top of the 
steel frame by eight vertical rods. The advan- 
tage of the construction lies in the removal of 
the scale levers from the ground pit, where they 
are frequently affected by moisture and bad drain- 
age. 
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Moving a Large Statue. 


In the construction of the Philadelphia Rapid 
Transit Subway around City Hall Square it was 
necessary to excavate under the site of the 
equestrian statue of General McClellan, a tall 
and heavy structure, with a cut-stone base, on 
which was seated a heroic-size bronze statue, 
reaching to a height of about 25 ft. above the 
street and weighing about 75 tons. It was sup- 
ported on an 8 x 14-ft. rubble masonry founda- 
tion, reaching about 7 ft. below the surface. 

An excavation was made around the founda- 
tion to the bottom of its footing, and from it 
narrow tunnels were cut through the rubble ma- 
sonry to receive twelve 12-in. I-beams, 20 ft. 
long, the outer ends of which were bolted to- 
gether with separators, while the monument was 
still supported on the uncut rubble between the 
I-beams. The lower part of the monument was 
partly encased in wooden sheathing to protect 
the arrises of the stone work; wedges and pack- 
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and 30 in. long were arranged on each track 
placed a 12 x 12-in. longitudinal timber, 20 it. 
long, with a 12 x Y%-in. track plate on the lower 
surface to receive the roller. bearings. The jack 
screws were simultaneous slacked off and lowered 
the monument about 3 in. until the projecting 
extremities of the needle beams took bearing on 
the longitudinal stringers, and the jacks were re- 
leased and removed. A few of the jack screws 
were then set near the horizontal plane against 
the rear needle beam and the base of the monu- 
ment, reacting against sills and inclined timbers 
seated on the ground, and the monument was 
gradually pushed forward on the tracks, the live 
rollers being constantly disengaged and removed 
from the rear and put under the front. 

When the monument reached the front end of 
the track the second section of plank grillage was 
laid on the surface of the street, the ends fitted 
in each section, timbers were laid upon it, as 
already described, and a second section of track 
rails joined to the first. After the monument 
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ing were fitted to the upper flanges of the I- 
beams to provide bearing against. the base of 
the monument, and jack screws were placed un- 
der their outer ends, reacting against timbers 
laid in the bottom of the trench. 

The monument was lifted about 6 ft., care 
being taken to follow up the jacks with solid 
crib work piers. Ten or twelve lines of 2xIo-in. 
planks were laid flat on the pavement, with 1o-in. 
spaces between them, making a wide, thin grillage 
or: distributing platform, across which were 
placed 12 x 12-in. timbers, 20 to 24 ft. long and 
3 ft. apart on centers. “At distances of about 7 
ft. and 10 ft. from the street side of the center 
line longitudinal stringers, four in all, were laid 
on top of the timbers, each line consisting of 
two 2 x I2-in. planks in long lengths, one on 
top of the other breaking joints. On each pair of 
stringers 4 x 6-in. transverse pieces 4 ft. long 
were set about 18 in. apart, and occasional pieces 
were bolted to the stringers. On each of the two 
beds thus formed two ordinary 60-lb. T-rails, 30 
ft. long, were laid about 2 ft. apart, and were 
spiked to occasional cross-pieces. The ends of 
these tracks projected over the excavation on 
each side of the monument and were supported 
there on cribbing. 


About 20 solid steel rollers 3 in. in diameter 


had advanced upon it the first section of track 
and grillage was removed and relaid in front, 
and so on until the monument had been shifted 
about 75 ft. to a place near the City Hall, where 
it did not obstruct traffic and could remain un- 
disturbed until the completion of the subway. 

At the site of the monument special bents of 
heavy columns and roof girders are introduced 
in the subway construction, and on them founda- 
tions will be built to receive the monument when 
it is convenient to return it by the method al- 
ready described to its original position. The 
taising and moving of the. monument was accom- 
plished in about two weeks by a force of ten men, 
employed by Henry Sheeler & Sons, Chicago, 


sub-contractors under the E. E. Smith Contract-- 


ing Co., the general contractors who executed 
the work on the City Hall section of the subway, 
under the direction of the engineering department 
of the Rapid Transit Ry. Co., of Philadelphia, 
Mr. W. S. Twining, chief engineer, Mr. Chas. 
M. Mills, principal assistant engineer, and Mr. 
Frank R. Fisher, resident engineer. 


StoracE Battery Cars for railway service, 


weighing 42 tons loaded, are reported in opera- . 


tion on the Prussian state railways for three 
short runs, the longest of which is 12%4 miles. 
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' look for more important benefits. 


NovEMBER 16, 1907. 


Comparative Performance of Steam and 
Electric Locomotives. 


At the meeting of the American Institute of 
Electrical Engineers on Nov. 8 an unusually 
valuable paper on the performance of steam and 
electric locomotives was presented by Mr. Albert 
H. Armstrong, of the General Electric Co. As a 
clear explanation of some of the fundamental 
reasons underlying the electrification of steam 
roads, it deserves careful study. In general, 
the possible saving in fuel through the adoption 
of’ electric traction does not in itself amount to 
enough to pay an adequate return on the in- 
vestment to obtain it, and it is necessary to 
These are. to 
be found, in the author’s opinion, in a com- 
parison of the characteristics of steam and elec- 
tric locomotives. Such a comparison is made in 
the paper, which claims a superiority for the 
electric locomotive in general railway work, and 
suggests the possibility of making, with its adop- 
tion, radical changes in the methods of operation 
now necessary with steam locomotives. 

Owing to clearances, it is seldom that a loco- 
motive can work at more than 90 per cent. of the 
theoretical full stroke, and hence the maximum 
tractive effort at starting with lever in the corner 
will not be much greater than 88 per cent. of 
the theoretical tractive effort available with gauge 
pressure in the cylinders. The steam locomotive 
is limited as to maximum tractive effort by its 
engine design, and limited as to the speed at 
which this tractive effort is available by the ca- 
pacity of the boiler to supply steam. Thus, as- 
suming that the locomotive will give 88 per cent. 
of its theoretical tractive effort when starting, it 
is capable of providing but 80 per cent. tractive 
effort at a speed of 10.6 miles per hour (with 
the conStants of the particular locomotive chosen 
for illustration), at. which the boiler is giving its 
full output. Hence higher speeds can only be 
reached with a less cut off and a consequent re- 
duction in mean effective pressure and tractive 
effort. Locomotive engines are generally de- 
signed to give their maximum tractive effort at 
go per cent. theoretical cut-off at a point corre- 
sponding to a coefficient of adhesion of approxi- 
mately 22 per cent. of the weight upon the 
drivers; that is, at about slipping point of steam 
locomotives with good rail conditions. It is im- 
mediately evident, therefore, that the tonnage rat- 
ing of the locomotive on ruling grade must be so 
proportioned that the maximum tractive effort 
called for will be less than the available tractive 
effort of the locomotive, in order to provide a 
small percentage, say, 10 or 15 per cent., for 
possible starting under maximum grade and load 
conditions. 


On the other hand, the tractive effort of the 


electric locomotive is limited only by the ad- 
hesion between driving wheels and rail, and, 
aside from some 15 per cent. greater adhesion 
possible with the uniform tractive effort provided 
by the electric locomotive, it is possible with 
this type of motive power to take momentary 
advantage of abnormally good rail conditions or 
to derive full benefit from the use of sand; in- 
deed, tests have been taken with electric loco- 
motives showing as high as 35 per cent. co- 
efficient of adhesion between driving wheels and 


‘rail. This point is emphasized, as with the 


greater tractive effort of the electric locomotive 
it becomes possible to give them a higher ton- 
nage rating for the same weight upon the drivers 
than would be possible with steam locomotives 
operating over the same track profile. 

The accompanying diagram was prepared by 
Mr. Armstrong to show a concrete case of a 
22 x 30-in. steam locomotive of the simple type, 
equipped with 57-in. drivers, contrasted with 
both an alternating-current geared and a direct- 
current gearless electric locomotive, designed for 
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the same tractive effort, both maximum and run- 
ning, but for a higher speed. The contrast of 
these different speed characteristics brings out 
sharply the small speed variation with different 
tractive efforts delivered by the electric locomo- 
tives, this small variation being even more marked 
in the case of the direct-current gearless than 
in the case of the alternating-current geared 
motor, working at a lower iron saturation and 
giving a more sloping speed characteristic. 

The steam locomotive chosen is typical of those 
in general use upon mountain-grade divisions, the 
tonnage rating in operation of this particular 
locomotive being such as to call for a tractive 
effort of 25,600 lb. on average grade and 33,200 
lb. on the maximum ruling grade, occurring on a 
certain engine division, thus leaving a margin of 
6,300 lb. above the demands of maximum tonnage 
on maximum ruling grade for starting the train 
from rest. 

The maximum speed available at the different 
tractive efforts.is a matter of boiler capacity, 
condition of boiler, quality of coal and efficiency 
of fireman. The first of these factors, the boiler 


Sires 
i eile 
aaenn 

i 


“EAE ER 


HORSE POWER AT RIM OF DRIVERS 


TRACTIVE EFFORT IN POUNDS 
® 


12000 


2 
SPEED IN MILES PER HOUR 


Diagram of Steam and Electric Locomotive 
Characteristics. 


capacity, can be controlled by properly propor- 
tioning the design of the boiler to engine ca- 
pacity, but there are three other factors which 
the locomotive manufacturer cannot control, and 
two of these factors constitute sufficient cause, 
Mr. Armstrong says, to warrant a considerable 
reduction in the theoretical rated capacity of the 
boiler. Thus, a locomotive in prime condition, 
carefully fired with coal of approximately 14,000 
B.t.u., should be able to deliver full tractive effort 
at 10.6 miles per hour, but in practice it has 
been found that the average condition of boilers 
and the average firing curts the sustained boiler 
output down to not much more than 75 per cent. 
of its output under what must be considered 
exceptionally or momentary conditions. By sus- 
tained “output” is .meant the output required 
while ascending the continuous up-grades on 
Western mountain divisions. 

The locomotive characteristic in the diagram 


has been prepared on the basis of 75 per cent. of | 


the possible boiler capacity, the general dimen- 
sions of the simple consolidation locomotive being 
as follows: Diameter of cylinders, 22 in.; length 
of stroke, 30 in.; diameter of drivers, 57 in.; heat- 
ing surface, 3,397 sq. ft.; total weight of loco- 
motive, 103.5 tons; weight on drivers, 93 tons; 
weight of tender, 61.5 tons; total weight locomo- 
tive and tender, 165 tons. This particular loco- 
motive has been chosen for illustration, as it is 
the type in daily use on the mountain division 
of one of the largest Western roads. 
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Under the above conditions the theoretical 
tractive effort is 49,500 lb., of which 39,600 lb. is 
available at 90 per cent. cut-off. The contents of 
each cylinder is approximately 6.6 cu. ft., and, 
with four cylinders of steam per revolution and 
with steam weighing 0.41 lb. per cubic foot at 170 
lb. cylinder pressure, each revolution requires 
10.85 lb. steam. With 3,397 sq. ft. of heating 
surface there is a possibility of evaporating 6 lb. 
of water per pound of coal when burning 2 lb. of 
coal per square foot of heating surface, thus 
giving an available supply of 40,700 lb. of steam 
per hour when working boilers in prime con- 
dition at the full output, resulting from perfect 
firing, with good quality of coal. In practice, 
however, the available steam for sustained output 
would not be greater than 75 per cent., or 30,500 
lb. per hour, thus giving full tractive effort at 
46.8 revolutions of the drivers, corresponding to 
7.93 miles per hour on a 57-in. driver. The 
“critical speed’ of the locomotive is therefore 
7.93 miles per hour when working at 75 per cent. 
of full attainable boiler capacity, and the coal 
consumed under such circumstances will be 4,360 
Ib. per hour, corresponding to 1.28 lb. of coal 
burned per square foot of heating surface, at 
which rate we would expect an evaporation of 
approximately 7 lb. of water per pound of coal 
consumed. ‘ 

What might be termed the “performance ca- 
pacity” of a steam locomotive may be worked 
out from the speed and tractive effort charac- 
teristics given in the diagram, using as a basis 
the 1,000 ton-miles trailing load moved per hour 
on a level or any gradient selected. The preva- 
lence of 2.2 per cent. ruling grade on many 
Western roads perhaps justifies the selection of 
that figure for demonstration purposes; and the 
coal consumed, crew wages and maintenance 
charges may all be worked out from the basis of 
continuous operation per 1,000 ton-miles trailing 
load on 2.2 per cent. grade. The performance 
capacity obtained in this way is shown in an 
accompanying diagram. 

Certain assumptions are necessary and are as 
follows: Cost of coal, $3 per 2,000 lb.; engineer, 
50 cents per hour; fireman, 35 cents per hour; 
conductor, 40 cents per hour; three brakemen, 
go cents per hour; average mileage per locomo- 
tive per year, 36,500; total maintenance, including 
roundhouse charges, $5,000; maintenance per lo- 
comotive mile actually:run, 13.7 cents. 

The small speed variation of the electric loco- 
motive and the fact that its motive power is 
separate from its unlimited source of power gen- 
eration make it possible to consider radical 
changes in the method of moving freight, more 
especially on mountain-grade divisions. Steam 
railroading to-day is in reality steam locomotive 
practice, in that the speed possibilities of different 
track divisons are restricted to a large extent 
by the limitations of the steam locomotive. The 
only reason why it is common practice to run 
at very low speeds on mountain-grade divisions 
instead of continuing the high speeds in vogue 
on more level portions is because a steam loco- 
motive cannot be built powerful enough to supply 
the heavy tractive effort required at any higher 
speeds than those now in vogue. 

The one expense in train operation that is 
fundamental is the cost of fuel, this fatcor being 
influenced only by the economy of the fuel- 
burning plant. Other expenses, such as loco- 
motive maintenance and crew wages, are affected 
entirely by the method of operation, and no 
radical departure from present methods is to be 
looked for until the coming of a type of motive 
power which offers possibilities not equally en- 
joyed by the steam locomotive. In general, it 
may be stated that the freight movement over 
mountain divisions is effected at very low sched- 
ule speeds, and the cause is evident from an in- 
spéction of the steam locomotive characteristic. 
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Except for the fact that curves are usually of | 


shorter radius on heavy grades than on levels, 
there is no reason for the slower speed of trains, 
provided a type of motive power is available that 
is capable of supplying great draw-bar pulls at 
high speeds. It is just this characteristic which 
the electric locomotive possesses to an almost un- 
limited extent, and such locomotives can be built 
which are even more powerful and operate at 
higher speed than can be utilized at present. 

The electric locomotive may be equipped with 
motors of several different types, each having 
characteristics best qualifying it for certain classes 
of work. The type to be adopted is a matter 
requiring full local knowledge of the conditions 
obtaining in each. individual instance before a 
proper selection can be made. All three of the 
available motors, direct current, alternating cur- 
rent single-phase and alternating current three- 
phase, possess the one needed characteristic of 
great output per pound, and hence the arguments 
advanced for the substitution of the electric for 
the steam locomotive are general in character and 
do not apply strictly to locomotives equipped with 
any one type of motor to the exclusion of all 
others. 

Returning to the direct comparison of the 
simple consolidation and electric locomotives, the 
diagram showing this comparison was plotted on 
the basis of a speed of 30 miles per hour for the 
electric and 15.4 miles per hour for the steam 
locomotive, giving in each instance a tractive 
effort of 25,600 Ib. at the rim of the drivers. 
Though the electric locomotive could very readily 
be designed to give the same tractive effort at a 
higher speed, 30 miles per hour was assumed as 
the highest speed permissible, due to the align- 
ment of the track on heavy grades. To plotia 
performance capacity curve for the electric loco- 
motive certain further assumptions are necessary, 
as follows: Type of equipment, direct-current 
gearless motors; weight of total locomotive, 125 
tons; weight on drivers, 100 tons; engineer, 
wages, 50 cents per hour; conductor, wages, 40 
cents per hour; three brakemen, wages, 90 cents 
per hour; efficiency of transmission, rail to bus- 
bar, 70 per cent.; maintenance of locomotive, 5 
cents per mile run. The train crew is so divided 
as to permit the location of a brakeman in the 
engineer’s operating cab. 

The cost of electrical power must in this in- 
stance be most arbitrarily assumed, owing to the 
widely different cost of coal, possibility of water- 
power, etc., obtaining in different localities. As 
the cost of coal for steam locomotives will also 
vary greatly as to price and quality, it has been 
assumed at $3 per 2,000 lb., and a cost for 
electric power of % cent per kilowatt-hour’ is 
based upon using the same price and quality of 
coal. As it is further assumed that an entire 
engine division of, say, 150 miles is to be elec- 
trified, it gives promise of a 24-hour load-factor 
of 50 per cent., and this figure has been taken. 
Approximating the first cost of ‘installation of 
the generating station at $100 per kilowatt, and 
allowing ro per cent. per year for interest and 
other fixed charges, the cost of power is brought 
up to possibly $0.0075 per kilowatt-hour at the 
station bus-bar. Other conditions obtaining will 
in a given instance modify the figures arrived at, 
but for purposes of demonstration $0.0075 is a 
conservative estimate, and such a figure is needed 
to compare the cost of power with the fuel item 
in steam-locomotive performance. 

The effect of increased speed on cost of opera- 
tion is clearly shown by comparing the perform- 
ance capacity curves of the steam and electric 
locomotives. 

It will be observed that the reduction in the 
operating expenses is effected in the two items 
of crew wages and maintenance of locomotives, 
and that the cost of fuel remains practically un- 
changed. This is as it Should be, as the cost of 


THE ENGINEERING RECORD. 


fuel in the case of steam locomotives or power 
with electric locomotives is the only funda- 
mentally necessary expense in train movement. 
Overcoming train friction and raising a train up 
grade against gravity represents useful work per- 
formed, and this work is accomplished at an 
expenditure of approximately 4 lb. of coal per 
horsepower-hour at the drivers with simple en- 
gines and 2.66 Ib. of coal per horsepower-hour 
at the drivers with electric locomotives, including 
all intervening losses between rail and generating 
station bus-bar. The speed at’ which this work 
is performed, therefore, does not affect the cost 
of fuel or power, it being assumed that the 
motive power for the various speeds is so pro- 
portioned as to operate at the point of greatest 
economy. 

While the diagrams of performance capacity 
indicate a certain relation among the three items 
of fuel, crew and maintenance expense, this is 
not the true relation obtaining in practical opera- 
tion, for the reason that the values given in the 
curves assume continuous operation up-grade un- 
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der the conditions outlined. Unfortunately, train 
crews must be paid full value per mile, whether 
the mile be up grade or down, and with steam 
locomotives there is also a considerable loss in 
fuel resulting from engines standing or running 
light, which must be also taken into account; 
hence, it becomes necessary to modify the figures 
arrived at, and for this purpose certain references 
must be made to current railroad practice on 
mountain-grade divisions, in order to arrive at 
the proper tonnage relations, schedule speeds, etc., 
obtaining in up-grade and down-grade operation. 

The schedule speed on several mountain divi- 
sions is approximately 50 per cent. of the average 
running speed, and this figure is assumed in the 
following statement of cost of operating 1,000 
ton-miles with steam locomotives, averaging the 
cost of up and down grade running. Owing to 
the higher schedule speed of electrically operated 
trains, resulting in fewer meeting points with the 
same tonnage handled, and owing to the absence 
of forced stops to take on fuel and water, etc., it 
is assumed that with electric motive power the 
schedule speed may be 60 per cent. of the running 
speed. 

With the electric locomotive standing, or coast- 
ing down grade, there is no demand whatever 
made upon the generating station, and hence the 
only expense carried through these pericds is 
that for train crew and a certain amount for 
maintenance. On the other hand, with the steam 
locomotive there is a considerable amount of fuel 
burned and water wasted when standing at sid- 
ings and when coasting. In the case of mountain 
railroading, with its frequent and prolonged de- 
lays, this waste may reach considerable propor- 
tions. 

The following results of a carefully conducted 
series of tests will illustrate this point. Two 
test locomotives and trains were operated over a 
mountain division under regular service condi- 
tions, steam and fuel consumption, duration of 
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delays, etc., being carefully noted. The total 
work expended up grade was 5,700 h.-p.-hr. at the 
rim of the drivers, including allowance for 1.54 
per cent. average grade and 7 lb. per ton track 
and: curve friction. The total water evaporated 
on the trip, divided by the total horse-power 
hours, gave a steam consumption of 36 lb. per 
brake horse-power-hour at the rim of the drivers. 
Indicator cards taken upon the engine in question 
at all cut-offs up to 90 per cent. showed that the 
greatest steam consumption did not exceed 32 
Ib. per indicated horse-power-hour, or 35.5 Ib. 
per brake horse-power-hour, allowing 10 per 
cent. internal engine friction. Values as low as 
23 Ib. of steam per indicated horse-power-hour, 
or 25.5 lb. per brake horse-power-hour, were re- 
corded for the average cut-off of 40 to 50 per cent. 
used throughout the run. A third and fourth 
series of tests conducted up the same grade gave 
similar results, except that the values were slightly 
higher than those quoted, showing that there was 
a considerable loss of water unaccounted for .by 
indicator cards and useful work performed. 
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Operating down grade, it was necessary to ac- 
complish 1,110 h.-p.-hr., on account of the some- 
what broken profile, and again the water con- 
sumption showed on two trips 57.7 lb. of steam 
per brake horse-power-hour, and on two subse- 
quent trips 66.5 lb., values entirely unaccountable 
on the basis of useful work performed. 

During all tests the usual service delays oc- 
curred, and, as the traffic on the road in question 
was very much congested, these delays consti- 
tuted a considerable proportion of the total 
elapsed time. In fact, during the runs up grade 
the trains were in motion but 66 per cent. of the 
total elapsed time, and down grade the trains 
were in motion from 52 per cent. down to 40 
per cent. of the total elapsed time. As these de- 
lays were frequent and undetermined, it was nec- 
essary to maintain full steam pressure while wait- 
ing for the momentarily expected release from 
the block, hence the waste of fuel and water was 
considerable. Averaging this waste at 400 Ib. 
per hour, at which low rate of consumption the 
water evaporation would approximate 10 lb. of 
water per pound of coal burned, or 4,000 lb. of 
water evaporated per hour, and reducing the total 
water consumption measured by the waste losses 
thus obtained, the steam consumption in eight 
different tests up and down grade ranged 34.7, 
32.4, 281 and 25.3 Ibs. etc., water per brake 
horse-power-hour. These values are fairly com- 
mensurate with results of indicator cards taken, 
and, with the type of engine used and under the 
operating conditions obtaining, an allowance of 


400 lb. of coal stand-by losses per idle locomotive- 


hour seemed not too great a value to allow, and 
this figure has been taken in subsequent calcula- 
tions. 

Locomotive performance capacity curves may 
therefore be plotted which will show approxi- 
mately the true relation between the several items 
of fuel, crew wages and motive power mainte- 
nance, under the given conditions. Such curves 


: 


: 
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are given in the paper and show that in practical 
operation the fuel expense approaches more 
nearly to the value of the other items considered, 
instead of being greatly in excess of them, as in- 
dicated in the theoretical perfofmance curves, 
showing up-grade operation only. For operation 
on lesser grades than 2.2 per cent. all items are 
reduced, and the total and subdivided comparative 
costs are given in the accompanying diagram and 
table: 


COMPARATIVE OPERATING EXPENSES PER 1,000 Ton-MILES 
oF SIMPLE SteAM AND Evectric Locomotives; AvER- 
AGE OF Up- anp Down-GrabdE OPERATION. 


Steam Locomotives. 


Grade ........ 4% 1% 14% 2% 
bale peasants, <ebs, 25.5 cts. 38 cts. 53. cts. 
Crew . yes. S COR 24. ‘cts. 36 cts. ‘Soy ‘Cts. 
Maintenance. 10.5 cts. 17.8 cts. 26 cts. 36)" cts, 
MOLatel Ase iOin Cts. 67.3 cts: 160 cts. 139 «cts. 
Electric Locomotives. 

faradet navies 3496 1% 14% 2% 
POWGr. <2 - sc 20° ets: Beep cts. 17 950.5 cts. 66 ‘cts. 
Crew ....... 7.2 cts 12.2 cts. 18 cts. 24 cts. 
Maintenance. 3.6 cts 6.2 cts. 9.0 cts. 11.9 cts. 
Total metic. 30.8 cts 53-9 cts. 77.5 cts. 101.9 cts, 
~ «- . Saving effected by electric operation. 
Grade }..::..- 4% 1% 1%4% 2% 

we B.2-cts, 13.4 cts. Zann Cts. 37.1 cts. 


» AY study of the table shows that, while the 
percentage saving with electric operation is ap- 
proximately the same whatever the ruling grade, 
yet the actual money saving is much greater on 
the heaviest grades. As about the same invest- 


ment must be made in each case for distribution 


system, including third-rail or overhead trolley, 


sub-stations, etc., the inference must be drawn 
that heavy-grade divisions present a more at- 
tractive field for electrification than level sections, 
when considered from the purely economic stand- 
point. There are other items of saving and other 
reasons for electrification which may be more or 
less controlling in individual cases, but it seems 
possible to make the broad statement that the 
mountain-grade division offers a particularly at- 
tractive field for the electric locomotive, and its 
introduction ‘should be the means of affecting 
such economies in both freight and passenger 
transportation as to pay a satisfactory return upon 
the investment required. 

So far, the matter has been viewed from the 
standpoint of comparative operating expenses for 
a given tonnage moved. There is another argu- 
ment for electrification which may in certain in- 
stances be of a much more controlling nature. 
Most of our mountain roads are single track, and 
transcontinental tonnage has so increased as se- 
riously to congest these mountain divisions. The 
heavy trains of the plains, weighing 2,000 to 3,000 
tons, must be split up into units of about 1,000 
tons, in order that the present steam engines, 
operating double and even triple, may haul them 
over the heaviest grades. The slow speed ob- 
tainable makes the number of trains on a moun- 
tain division large, the meeting points frequent, 
hence however good the despatching system em- 
ployed, there will of necessity be a considerable 
amount of lost time introduced. Add to this the 
failures of motive power being worked to its limit, 
and there is reason for the claim that the tonnage 
capacity of the mountain division will be greatly 
increased by the introduction of electrically 
hauled trains. 

Lest the writer be accused of unfairness in 
selecting the simple engine for comparison, it is 
proper to touch upon the economies effected with 
the use of the compound locomotive and also by 
the introduction of such coal-saving devices as 
superheaters and feed-water heaters. 

There is a saving of approximately 20 per cent. 
in water consumption per horse-power with the 
compound locomotive, but in spite of this gen- 
erally accepted saving the simple locomotive still 
rules'the mountain division, after repeated trials 
of the compound. Not being an ardent supporter 


of either type of locomotive, Mr. Armstrong 


leaves the battle of the simple and compound to 
their enthusiasts, commenting only upon the fact 


that, except in the case of the Mallet compound, 


’ the 
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the arguments for the compound are based upon 
fuel economy only. 

The latest Mallet compound, weighing 413,000 
Ib., is the largest steam locomotive yet built and 
is of particular interest, owing to the enormous 
boiler which such a construction permits. With 
a total heating surface of 5,300 sq. ft., we should 
expect an evaporation of 63,600 lb. of water for 
a short period and possibly 48,000 lb. of water 
continuously. With a possible evaporation of 6 
lb. of water per pound of coal, this would neces- 
sitate the burning of 8,000 lb. of coal per hour, 
requiring the best efforts of two firemen if main- 
tained for several hours. Assuming a steam con- 
sumption of 22 lb. per brake horse-power-hour, 
such a locomotive should give a sustained output 
of 2,180 h.-p. at the rim of the drivers, and this 
with a weight, with tender, of approximately 300 
tons, or three times the weight of an electric loco- 
motive of the New York Central 6,000 type, giving 
the same horse-power output. 

The two locomotives are, of course, designed 
for entirely dissimilar classes of work; but it is 
not unfair to compare them on a horse-power 
basis, as it is the huge boiler of the Mallet that 
is remarkable, and upon this basis the. selling 
price of the machines is approximately the same. 

The comparative. cost of electric and steam 
locomotives is generally considered as very fa- 
vorable to the steam ‘units, but reversing the 
usual methods and comparing the cost of the 
electric with that of the steam locomotive’ or 
locomotives required to replace it may reverse 
relations. The electric locomotive ‘requires 
no more than casual inspection, can be side- 
tracked indefinitely and still be ready for instant 
operation at full capacity, can run 24 hours with- 
out a stop, if necessary, and all these advan- 
tages and others offer a guarantee for a much 
greater annual mileage than’is possible with its 
steam competitor. Then, too, compare the cost 
of a group of steam locomotives (no single unit 
could be designed to give the output) capable of 
delivering even 4,000 h.-p. continuously with a 
single electric unit of this output, and the dif- 
ference in cost is not great. It may be stated 
broadly that for a given gross annual ton-mileage 
moved, the cost of steam locomotives may be 
even greater than the cost of the electric units 
replacing them. . 

The term “horse-power” is perhaps not fully 
appreciated. When the statement is made that 
a certain electric locomotive is rated at so many 
horse-power output, it does uot leave the im- 
pression it should. The horse-power output of 
a locomotive is a direct measure of its capacity 
to do work, and while the tractive effort available 
governs the tonnage of the trailing load, it is 
the product of the tractive effort times the speed 
at which’ it is available, or, in other words, the 
horse-power output, that measures the hourly ton- 
nage capacity of the locomotive upon which the 
crew expenses of the entire train depends. Hence 
the great claim for recognition of the electric 
locomotive lies in its great horse-power output, 
that is, its ability to carry full tractive effort or 
to slip its wheels at speeds two or three times 
greater than can be done with any steam loco- 
motive yet built. 

Superheating promises something in fuel econ- 
omy, as does the introduction of feed-water 
heaters. Such improvements, together with the 
adoption of the four-cylinder locomotive, either 
compound or simple, must necessarily call for 
more expense to maintain and less reliability in 
operation. 

As against the reduction in fuel expenses prom- 
ised by the use of the compound locomotive fitted 
with superheaters and feed-water heaters, the 
electrical engineer has the great possibilities of- 
fered by regeneration of power while electrically 
braking on mountain-grade divisions. The amount 
of power saved by this means may in certain in- 
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stallations amount to as great a percentage of 
the total as is the saving effected in coal ex: 
penditure with steam locomotives by compound- 
ing and providing superheaters and feed-water 
heaters. Such an electrical saving is, of course, 
restricted to heavy-grade divisions, but the feasi- 
bility of electric braking by regeneration is un- 
questioned. Indeed, with three-phase induction 
motors regeneration is automatic, the motors be- 
ing perfectly reversible and returning energy 
when operating down grade, with no change- 
whatever in their connections. Other types of 
motors may be adapted for regeneration, with 
slight modifications in the control system. 

All of our railway managements have felt the 
need of establishing a so-called express freight 
service, comprising a light train operating at 
much higher speed than is the case with the bulk 
of the freight movement. It is well known that 
the cost per 1,000 ton-miles for moving express 
freight is very much higher than in the case of 
low-speed freight. An inspection of the diagram 
of steam and electric locomotive characteristics 
illustrates the reason for this. The steam loco- 
motive is essentially a slow-speed unit when de- 
livering its full tractive effort; that is, a tractive 
effort equal to 22 per cent. of the weight upon 
the drivers, and high speed is only obtained at 
the sacrifice of tractive effort. Hence a high- 
speed freight train is of necessity a lighter train 
than could be handled over the same profile by a 
given locomotive, and the crew and maintenance 
expense is therefore large. That such a class oj 
service is nevertheless profitable, or at least nec- 
essary, is evidenced by the continuance of the 
practice and the proposed introduction of electric 
locomotives, in effect, makes all trains fast 
freights, gaining the benefits of such a service, 
without incurring the penalty of increased operat- 
ing expenses inherent to steam operation. 

Mr. Armstrong does not believe that the time 
is ripe for the electrification of steam roads at 
large; indeed, the electrical enthusiasts would be 
hard put to it if called upon to show reason for 
the electrification of many branch steam lines 
carrying a small tonnage at infrequent intervals. 
There are, however, certtin divisions of steam 
railways which, either on account of their broken 
profile or heavy traffic, offer an opportunity to 
introduce a superior type of motive power which 
will effect such economies in operation as to pro- 
vide adequate return on the investment required 
for the electrification. There are still other di- 
visions where a much desired increase in the 
track-tonnage capacity can only be effected by 
double tracking so long as the steam locomotive 
is adhered to as the type of motive power used. 
Double tracking a mountain-grade division is 
often a matter of enormous expense, and electrifi- 
cation of the single track may relieve the present 
traffic congestion at a moderate cost. 

On mountain-grade divisions the subjec’. of re- 
generation with electric locomotives should re- 
ceive very careful consideration, not so mttch on 
account of the saving in power which it may 
effect, but rather on account of the greater safety 
of operation, which it guarantees by eliminating 
the serious defects of holding trains on heavy 
grades by wheel and shoe friction. No attempt 
has been made even to approximate the saving 
effected in engine’ supplies, roundhouse expenses, 
elimination of water supply, with-its often attend- 
ant expensive purifying outfit, and the’ many 
items incident to steam locomotive operation. 
The freight-car shortage problem itself is a very 
serious one at certain times of the year on some 
roads, and as the total freight-car mileage can 
be increased with the higher speeds provided with 
electric locomotives, it should result in the saving 
of a considerable expense now incurred for rental 
of foreign cars, or even increase the gross re- 
ceipts by the movement of tonnage which more 
available cars would make possible. 
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At the conclusion of Mr. Armstrong’s paper, 
the subject was opened for discussion. 

Mr. W. J. Wilgus, in a letter discussing the 
subject, referred to the frequent mistake of over- 
rating the electric locomotive, but expressed the 
belief that for reasons of economy it had come 
to stay, even though the primary considerations 
for its adoption were not economic. Thus far 
electrification of steam roads has been done for 
the sake of convenience in operation in tunnels 
and doing away with smoke and noise nuisances 
in cities. No practical data were available for 
basing a change from steam to electricity on 
purely economical grounds. 

Now, however, these data have become avail- 
able on account of the operation of the two sys- 
tems side by side on the New York Central, and 
while the expectations for the electric locomotive 
have been surpassed by the results, the latter 
have at times been quite different from the pre- 
dictions. 

Mr. Wilgus stated that his experience imdi- 
cates that M. Armstrong’s figures of cost of 
current at the contact shoes is too low. In de- 
termining this cost not only must the fuel and 
Operating expense be taken into consideration, 
but also the cost of maintenance, taxes, struc- 
tures and allied charges for the whole installation. 

The experience on the New York Central 
shows that in maintenance and fixed charges, 
the electric installation is the cheaper by 19 
per cent. The simplicity of the electric loco- 
motive has resulted in a time saving in terminals 
of 18 per cent. over the steam locomotive, while 
under the newer system the daily ton-mileage has 
increased 25’ per cent. Of the total switching in 
Grand Central Station, 65 per cent. with steam 
locomotives was dead weight, while with electric 
locomotives it is 54 per cent. In the regular 
schedule service the saving in dead ton-mileage 
is 16 per cent. 

The total saving of electric operation over 
steam for the summer months runs from 12 to 27 
per cent., depending on the kind of service. In 
addition, the smoke nuisance has been eliminated 
in the Park Ave. tunntl, and the capacity of the 
Grand Central Station has been increased one- 
third. 

Dr. Cary T. Hutchinson, in discussing the paper, 
expressed approval of the views of Mr. Arm- 
strong and Mr. Wilgus, commending the paper 
as the best presentation of the problem thus far 
made. He emphasized the fact that all electrifi- 
cations now operating have been special problems, 
aside from the question of economy of Operation. 
The data on electric locomotives are too uncer- 
tain ‘as yet for economical discussion of the prob- 
lem. The regeneration in running down grade 
with the three-phase system and the consequent 
fixed speed were the reasons for the adoption of 
this system on one of the mountain divisions of a 
Western railroad. 

Mr. N. W. Storer emphasized the fact that in- 
creased capacity of electric over steam operation 
is the most important factor of the problem. Elec- 
tric locomotives can haul heavier loads at greater 
speeds, up heavier grades than steam locomotives. 
These factors will count most in causing the elec- 
trification of steam roads. The latter work will 
go on as fast as the manufacturers can supply the 
equipment, for the data derived from experience 
are now convincing. The three-phase system, 
Mr. Storer believed, had a decided advantage in 
having a fixed speed down grade, but believed 
that this speed might some times be greater than 
the curves and roadbed would permit. The 
single-phase alternating current system has a 
higher tractive effort at higher speeds than “the 
direct current system. The adoption of the par- 
ticular system, whether direct current, single or 
three-phase alternating currenf, will depend on 
local conditions. 
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Mr. W. S. Murray agreed with Mr. Armstrong 
that capacity is the keynote of the problem, but 
believed that increase in ton-miles and ability to 
handle this increase are better ways of expressing 
it. The actual service conditions on the New 
York, New Haven & Hartford show a large 
yearly saving of the electric over the steam loco- 
motives. The machine efficiency of the two can 
practically be equated and therefore eliminated 
from the discussion, but the difference lies in the 
power back of -the machine equipments. The 
saving per year in fuel and locomotive repairs 
due to electric operation on the New York divi- 
sion will be $562,470. 

Mr. William McClellan pointed out that the 
costs of electrification are larger than were pre- 
dicted. In order to extend electric operation 
more convincing figures than even now. available 
must be presented to railroad men. - It is difficult 
to capitalize the savings of electrification due to 
the abandonment of coaling towers, water tanks, 
ash pits, and other accessories to steam locomo- 
tive operation. Not until a complete engine stage 
is electrically operated will full and reliable data 
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The Mechanical Equipment of the North 
American Cold-Storage Building, Chicago. 


The North American Cold Storage Co. of 
Chicago operates a large, modern, fireproof cold- 
storage warehouse, for public use, on the North 
Branch of the Chicago River, near the junction 
of that branch with the South Branch to form 


the main Chicago River, and a short distance’ 


from the central business district of the city. 
Unlike most large cold-storage warehouses, which 
cover a broad area and are comparatively low; 
with the idea of reducing losses due to radiation, 
this building covers a relatively small area and 
is very tall, protection against radiation being 
obtained by thorough insulation of the side walls. 
The building is irregular in plan, being 60 ft. 
wide at one end, 80 ft. wide at the other and 
162 ft. long, and has sixteen stories and a base- 
ment. The structure consists of two parts, an 
original section and an extension that has re- 
cently been added, the two parts forming a homo- 
genous fireproof building with uniform floor 
levels. The original section has a structural steel 


Engine Room of the Cold Storage Building, Showing One of the Ice Machines. 


be available. Leaving these savings aside, Mr. 
McClellan thought that increased capacity, es- 
pecially on steep grades, was the most important 
advantage of the electric locomotive. A good way 
to approach the problem in endeavoring to con- 
vince the railroad man is to show the capacity 
of electric operation, and then figure the’ cost for 
the same capacity if hauled by steam locomotives. 

Mr. C. L. De Muralt spoke of a short road that 
had rached the limit of its capacity, and was con- 
sidering the addition of two more tracks at a 
cost of $15,000,000. By electrifying the line at a 


‘cost of $3,000,000, the same capacity with the ex- 


isting trackage could be secured as by the addition 
of two tracks with steam operation. The advan- 
tage of the electric locomotive lies in pulling 
heavy loads at three to four times the speed of 
the steam locomotive. 

Mr. C. P. Steinmetz pointed out that the use 
of electric locomotives did not amount to a mere 
substitution for steam locomotives, but a read- 
justment of all factors to a new set of conditions. 
This readjustment must be made throughout the 
system in order to realize the greatest advantage 
from the new mode of operation. 


Hottow Terra Cotta Brocks will be used for 
the construction of the floors, interior partitions 
and roof of the Pennsylvania R. R. terminal, now 
under construction in New York City. 


frame, covered with hollow tile for fire protec- 
tion, arched hollow tile floors and brick side- 
walls. The extension also has a structural steel 
frame, which is incased in concrete for fire pro- 
tection, and has reinforced concrete floor slabs. 
The columns of the buildings are all carried on 


‘independent spread reinforced concrete footings, 


designed to practically float on the soft blue clay 
that underlies the site. 

A mechanical plant in the basement of the 
building furnishes refrigeration through an’ am- 
monia expansion and brine circulation system for 
all but two floors of the building, the first and the 
sixteenth, and electric current for power, lighting, 
freight elevators and other service. This plant 
was designed and built under peculiarly difficult 
conditions, owing to the limited head room in the 
basement, the location of the numerous columns 
of the building frame, the arrangement and ex- 
tent of the spréad footings which carry these 
columns, the proximity of the river and the neces- 
sity of going below the river level to provide 
space for boilers. These difficulties were all over- 
come, however, by special design and arrange- 
ment of various features of the plant, and the 
latter has been in satisfactory operation since 
the completion of the extension of the building, 
three years ago. 

The mechanical plant and auxiliary equipment 


, occupy the entire basement of the building, a 


a 
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44 x 45-ft. boiler room being separated from the 
remainder of the basement by brick walls. The 
floor of this room had to be placed 5 ft. below 
the water surface in the river, and 12 ft. below 
the ground level. As the soil is filled ground, 
black river silt and soft blue clay, provisions had 
to be made to prevent water entering through 
the walls and floors. This was accomplished by 
lining the bottom and sides of the pit with sheet 
steel, the masonry floor and walls of the room 
being placed inside of this steel pit. 

The boiler room contains two 350 h.-p. double- 
drum water-tube Cahall .boilers, each having 
3,750 sq. ft. of heating surface and operating at a 
normal pressure of 150 lb. Each boiler is equipped 
with a Cahall chain-grate stoker having 52 sq. ft. 
of grate surface. These stokers are both driven 
by a 3 h-p. Northern motor, mounted on a 
bracket on one of the columns of the building 
frame. The motor operates at 450 r.p.m. and is 


belted to the driving shaft of the stokers. A 
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automatically by a float set at the proper height 
in the sump. 

Steam is taken from the rear end of the drums 
of each boiler by a full-sweep 8+in. connection 
leading to a 10-in. steam header suspended from 
the ceiling of the engine room. ‘These 8-in. 
boiler connections are each fitted with an auto- 
matic non-return valve at the boiler and a gate 
valve at the header. The main header extends 
39.25 ft. as a I0-in. main,,and then as an 8-in. 
main for 28 ft., a 6-in. branch being taken off at 
the end of the to-in. section. The header is 
anchored at the junction of the 6-in, branch with 
it, and all connections to the steam-consuming 
units have full-sweep bends to provide for con- 
traction and expansion.. A Cochrane steam sepa- 
rator is placed on the connection to each unit. 

The principal equipment in the engine room 
embraces two large ice machines, two engine- 
driven generators, two motor-driven brine-circu- 
lating pumps, two motor-driven water-circulating 


Direct-Connected Centrifugal Pumps for Circulating Water. 


small steam engine is also held in reserve for 
operating the stokers. Coal is delivered to the 
building in cars on_a switch track at the first 
floor level, and is dropped from the cars through 
chutes leading to a firing floor in front of the 
boilers. The stokers are supplied from the stor- 
age piles on this floor by hand. 

The boiler settings extend flush up to the ceil- 
ing of the room, the boilers being specially de- 
signed so all steam and feed-water connections 
‘could be made at the front and rear ends of the 
steam and water drums. Feed water is supplied 
to the boilers through duplicate 1%4 in. con- 
nections at the front. The steam and water 
drums are also each fitted with an Ashton safety 
valve, placed horizontally in the upper part of 
the front end of the drums. The mud drum of 
each boiler is connected to a 4-in. blow-off pipe, 
which rises 5 ft. from the floor level of the boiler 
room to the level of the water surface in the 
tiver, so the sediment from the mud drum is 
blown up-grade. The pipe is fitted with a valve 
in order that it can be drained into a sump after 
the boiler pressure is cut off. A 2-in. vertical 
Kingsford centrifugal pump, with a capacity of 
125 gal. a minute when running at 500 r.p.m.,, 
removes all water that reaches the sump. This 
pump is direct-connected to a 114-h.-p. vertical 
direct-current Northern motor, which is operated 


pumps, two boiler-feed pumps, together with the 
necessary auxiliary apparatus and connections. 
With the exception of one ice machine, which 
was in a small plant of the original part of the 
building, all of this equipment was installed when 
the new plant was built. 

The new ice machine is a cross-compound con- 
densing Corliss unit, built by the Vilter Mfg. Co. 
The steam cylinders are 24.5 x 36-in. and 48 x 36- 
in., and the ammonia cylinders are 18 and 18 x 
36 in. Ammonia is drawn from a large system 
of condensing coils in one end ofthe basement 
and delivered to the seventh and eighth floors 
by this machine. The old ice machine is held in 
reserve for use in case the new one is out of com- 
mission. 

Two double-acting 11 x 12-in. triplex Gould 
pumps circulate the brine through the system of 
refrigerating pipes. These pumps each have a 
capacity of 1,000 gal. a minute against the com- 
bination of a static head of 125 ft., and a working 
pressure of 40 lb. The static head is main- 
tained by an open pipe extending’ above the 
highest point in the system of circulating pipes, 
while the 40-lb. working pressure is the maximum 
required to force the brine through the system. 
The pumps are in duplicate, each of them having 
sufficient capacity to operate the system under 
maximum service requirements. Each pump is 
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gear-driven by a 50-h.-p. variable-speed direct- 
current motor, operating at 750 r.p.m. The motor 
shaft carries a large and a small gear wheel, 
either of which can be meshed with the gear 
driving the pump. The small driving gear re- 
duces the speed of the pump to 50 per cent. of 
that given by the larger gear, and the variable 
speed control permits the speed of the motor to 
be changed from one-half to full load; the pumps 
can thus be operated at as loW as 25 per cent. 
of their rated capacity. 

When the extension was added to the build-, 
ing plans were made to install a large electrically- 
operated butter-renovating plant on the top floor 
of the building. As the equipment of this plant 
would require considerable power, a 250-kw. 250- 
volt direct-current multipolar Northern generator 
was provided to supply the power necessary for 
it and for the remainder of the. electrically- 
operated equipment in the building. This gene- 
rator, which was calculated to carry the day load, 
is direct connected to a 13 and 16% x 24-in. high- 
duty cross-compound condensing Buckeye engine. 
A. 125-kw. 250-volt  direct-current multipolar 
Northern generator, direct-connected to a 10 and 21 


'x 18-in, high-duty tandem-compound condensing 


Buckeye engine was installed to carry the night 
load. The butter plant has not been installed as 
yet, however, so the 125-kw. unit is used to carry 
the load at all times. 

Circulating water for the surface condenset 
which serves the steam-condensing units, and for 
the ammonia condensing coils is furnished. by 
either of two 6-in. horizontal double-suction 
Kingsford centrifugal pumps, each driven by a 
50-h.-p. 250-volt direct-current Northern motor. 
One of these motor-pump’ sets operates at 750 
r.p.m., and has a capacity of 1,000 gal. per min- 
ute, the other, operating at 850 rp.m., has a 
capacity of 1,200 gal. a minute. Both of 
these pumps draw from a 5.5 ft. circular 
suction well under the basement floor, which has 
two 10-in, inlet pipes connecting it with the river. 
Each of these inlet pipes carries a tee connec- 
tion at the river end in which are placed verti- 
cally two 4-ft. lengths of perforated 10-in. pipe, 
closed at the ends with blank flanges. The per- 
forations in these pipes consist of three 3-in- 
holes per square inch of surface. As the river 
carries a large amount of silt and sediment these 
perforations are liable to become clogged, so pro- 
visions were made to clear them. A gate valve 
placed on the well end of the inlet pipes is closed 
when the perforations are fouled and a current 
of air under 80 to 100 lb. pressure is forced 
through the pipes. 

The suction pipes of the pumps are not pro- 
vided with foot valves, but each pump is fitted 
with a 2-in. connection’ from the steam header 
which is used for priming. The discharge for 
the pumps is arranged so water can be delivered 
to the ammonia coils and thence to the conden- 
ser, or separately to the ammonia coils and the 
condenser. The discharge from the condenser 
is returned to the river. 

All of the steam-consuming units, except the 
boiler-feed pumps, are connected to a 16-in. ex- 
haust main, which leads to a 4.5 x 12.5-ft. Blake 
surface condenser, with a capacity of 15,000 lb. 
of steam per hour. A 20-in, Cochrane oil sepa- 
rator is placed on this main near the condenser- 
The exhaust main is also provided with a 
pass leading to a free exhaust into the a 
phere, a relief valve on this by-pass pro, 
the exhaust system “from excessive presst 

The condensed steam from the condeng 
livered to a tank, suspended from the 
the basement, by either of two 8 x 
horizontal marine wet-and-dry Blake 
bronze fittings through-out. The s 
serves as a hot well in the boj 
system. This system includes a 
purifier, a Cochrane feed-wate 
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feed-water pumps. The condensed steam is re- 
turned by gravity from the suspended tank to the 
fieater, or directly to either of the feed-water 
pumps. The make-up water is supplied to the 
purifier from the city mains through a tight surge 
tank, a valve operated by a float automatically 
maintaining the water level in the purifier. Make- 
up water can be supplied to either pump from 
the purifier, or directly from the surge tank. 
The water level in the heater is automatically 
maintained at one height by a valve oper- 


ated by a float in the heater. The water 
level in the heater is also at such height 
that the pumps draw from the heater un- 
til make-up water is required. The heat- 


er operates on exhaust steam from the con- 
denser pumps, the feed-water pumps and small 
pumps which circulate the lubricating oil used 
in the plant. 

A complete system for circulating lubricating 
oil is installed. Fresh oil is placed in a metal 
storage tank in the engine room near the boiler 
feed-water heater. A small reciprocating pump 
draws oil from this tank and delivers to a 
supply line connecting with mechanical lubrica- 
tors on each of the main reciprocating units. 
Spigots are also placed on this supply line adja- 
cent to the other main units. The drips from all 
of the units are collected and delivered to a tank 
in the boiler room by gravity. A second small 
reciprocating pump draws the dirty oil from 
this tank and delivers it to a Turner filter over 
the clean oil tank, 

The foundations for the various large machines 
in the engine room had to.practically all be de- 
signed specially: The spread reinforced-concrete 
footings for the columns of the building frame, 
which are irregular in size and shape, had to 
be kept separate from the foundations for the 
machines to avoid vibration being transferred to 
the building. In order to accomplish this result, 
a joint at least 1 in. wide was made between the 
column footings and the machine foundations. 
The shape and position of the footings required 
parts of the different machines to be set on 
heavy I-beams carried over the footings by the 
foundations; some of these beams also had to 
be cantilevered over the column footings from 
the machine foundations. All of this intricate 
foundation work was done in the basement after 
the building was completed, the excavations being 
made in the soft blue clay at about the river 
level. 

The operation of the electrical generators and 
of the various wiring circuits in the building is 
controlled from a nine-panel switchboard at. one 
side of the engine room. This board has a panel: 
equipped with an indicating voltmeter and an 
indicating ammeter, for each generator. A 
totalizing panel equipped with an indicating am- 
meter and an integrating wattmeter is also pro- 
vided. Two power circuits and three lighting 
circuits are controlled from separate panels, each 
having an integrating wattmeter. The total out- 
put of the generators and the amount of power 
supplied to each circuit is thus always on 
record. r 

The, ninth panel on the board. carries steam, 
vacuum, ammonia and back-pressuré indicating 
gauges and recorders, so that all information con- 
cerning the operation of the plant is available 
the one board. This panel also carries two 
srically-operated revolution counters, which 
the number of revolutions made by the ice 
nes. These counters are operated by an 
on the shaft of the machine, which 
d breaks a circuit including a solenoid 
k of the switchboard, the solenoid hay- 
t power to move the works of the 


Swo floors of the building, the first 
th, are cooled by the refrigera- 
e lowest temperatures are main- 
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tained on the seventh and eighth floors, where 
4° and 5° below zero Fahrenheit, respectively, 
can be reached. From the eighth to the fifteenth, 
and from the seventh to the second floors, the 
temperatures maintained are successively higher 
from floor to floor, the normal temperature on 
the fifteenth floor being 34° Fahr., and that on 
the second, 32° Fahr. A total of 904,200 cu. ft. 
of space is thus supplied with refrigeration. 

Practically all kinds of food stuffs which have 
to be stored in cool rooms are placed in the 
warehouse. Local deliveries to the building and 
local shipments are made from the first floor by 
wagons and trucks. Out-of-town deliveries and 
shipments are also made from the first floor to 
cars on a switch track at one side of the build- 
ing. Four electrically-operated Otis freight ele- 
vators carry goods from the first floor to every 
other floor of the building. Two of these eleva- 
tors are placed in separate fireproof shafts at 
each end of the building, the shaft connecting 
at each floor level with a vestibule from which 
doors open into the cool rooms. These elevators 
each have an 8 x 1o-ft. platform, and a normal 
capacity of 4,000 lb. With a load of 3,000 Ib. 
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Requirements for Treating Wood Paving 
Blocks. 


A paner read before the American Society of Muni- 
cipal Improvements by Geo. W. Tillson, Chief Engineer 
of Highways, Borough of Manhattan, New York. 


———_ 


During the last few years wood pavements 
have attained considerable popularity in this 
country. Whether they increase or even main- 
tain this popularity depends upon the ability of 
the blocks to withstand not only the action of 
street traffic, but that of time and the elements. 

Wood has been used at intervals in street pave- 
ments for about seventy years, but never with 
any permanent success, if we except the present 
movement. This being so,,it can pertinently be 
asked why should any better result be expected 
now. The answer is that there is one vital dif- 
ference between the old and the present blocks, 
as the former were laid in a natural state while 
the latter are treated chemically. 

Pavements wear out or rot out. If their ma- 
terial will not decay, the life varies according to 
the traffic imposed upon them. But wood in its 


natural condition is subject to decay and with 


all of them have a traveling speed of 150 ft. per 
minute, One elevator at each end of the build- 
ing is also arranged with a back gear so it can 
carry a maximum load of 5,000 lb. at slow speed. 

All power and lighting wire circuits through- 
out the building are in conduits. The switches 
on the lighting circuits are in cabinets placed on 
the wall of the vestibule entrance to each floor 
from the elevators. The incandescent lamps used 
in the cool rooms are enclosed in a second glass 
bulb, thus forming an air space between the two 
bulbs which largely reduces radiation of heat 


from the lamps. 


The plans and specifications for the mechanical 
and electrical equipment of the building were pre- 
pared by Mr. C. A. Chapman, consulting engineer 
of Chicago, and the equpiment was installed un- 
der his direction. 


Forest AND RAINFALL ReLations have been 
studied for a number of years by Dr. J. Schu- 
bert, director of the meteorological section of 
the Prussian Forestry School at Eberswalde. 
The observations were made at 17 stations in the 
forest, on the forest edge and in the open. The 
forest stations showed the greatest precipitation 
and those in the open the least, the difference be- 
ing 5.2 per cent., which is about the probability 
of error in the results. 


Switchboard and Main Ice Machine, North American Cold-Storage Building. 


no traffic at all will last only for a limited time. 
The object of the treatment then is primarily 
to prevent this decay. But all wood swells when 
exposed to moisture and contracts. when sub- 
jected to heat. But if the pores of the wood 
can be filled with a substance that will prevent 
the absorption of water it can be kept stable in 
size, neither shrinking nor expanding during the 
varying changes in the weather. The object 
then of the introduction of chemicals is to pre- 
vent natural decay and maintain stability in size, 
so that a pavement will not bulge wet nor be 
full of loose joints when dry. 

The question, therefore, is how can these ob- 
jects be attained. It is generally admitted that 
the best agent for treating blocks is creosote oil. 
When the city of Indianapolis some eight or nine 
years ago began to lay treated wood pavements, 
it required the blocks to be first thoroughly dried 
and then impregnated with creosote oil weigh- 
ing 8.8 pounds per gallon and to an amount 
equal to 10 lb. per cubic foot. But it is probable 
at that stage of the business not enough atten- 
tion was given to the character of the oil or 
the actual quantity used, so that the first pave- 
ments buckled to quite a serious extent. The 
possibilities of a perfect wooden pavement were 
appreciated, however, and eventually successful 
pavements of this character were laid. 


’ 
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Some time later an Eastern firm took up the 
matter of treating wood blocks and instead of 
creosote oil alone, using a mixture of 50 per 
cent. oil and 50 per cent. rosin, and 20 lb. per 
cubic foot. The first pavement of this character 
was laid in Boston, on Tremont St., in 1900. I 
quote herewith from a letter received last month 
from an engineer in the Boston Street Depart- 
ment as to its present condition. 

“TJ have just been and looked at the wood 
paving on Tremont St. About three years ago 
the upper end, perhaps a hundred feet long, was 
taken up and relaid with the old blocks, with 
open joints about the thickness of a lath, and 
grouted with cement and sand, as I remember it. 
That portion shows wear, the joints have wid- 
ened and there is some irregularity of surface. 
The remainder looks very well. On the part 
most worn, that is near the middle of the street, 
there is a somewhat rolling surface. 

“The pavement was laid in 1900, and it has 
worn very well indeed as a whole and is now 
in good, usable condition.” 

This is, without doubt, the best evidence that 
can be obtained upon this particular kind of 
pavement. In 1902 a street was paved with this 
material in the Borough of Brooklyn, New York. 
In addition to the above, the specifications re- 
quired that the blocks, when treated, should sink 
in water, and after having been subjected to a 
temperature of 100° F. twenty-four hours, should 
not absorb more than 3 per cent. of water when 
immersed for an additional twenty-four hours, 
the idea being to specify a result rather than a 
method only. The absorption test was consid- 
ered the most important,.the other being prelim- 
fnary only and an indication that the proper 
amount of the mixture had been used. No trou- 
ble was ever experienced with pavements laid by 
‘the city under these specifications. 

As the use of wood spread over the country, 
different specifications were adopted according 
to the views of the different officials. Bearing 
in mind the objects to be attained by the treat- 
‘ment, the method that will produce that result 
economically is the best. With the constantly 


‘increasing price of all materials used in the pro- 


duction of treated blocks, it is of great import- 
ance that no surplus nor unnecessarily expensive 
‘material be used. The Borough of Manhattan, 
New York, probably has more of this treated 
‘pavement than any city of this country, and the 
salient points of the specifications under which 
the latter portions of them was laid are here 
‘given. 

(4.) The blocks are to be treated throughout 
with an antiseptic and waterproof mixture, 75 
per cent. of which’shall be creosote or heavy oil 
of coal tar conforming to the specifications here- 
inafter set forth, and 25 per cent. of which shall 
‘be rosin conforming to the specifications herein- 
after set forth. All parts of each individual 
‘block shall be thoroughly treated, and not less 
than twenty (20) pounds of the mixture per 
cubic foot shall be injected. 

(5.) In preparing the blocks to receive the 
creosote mixture, they shall be placed in an air- 
tight cylinder, in which dry heat, or heat pro- 
duced by superheated steam, is maintained and 
raised to a temperature of 215° F., for one hour, 
for the purpose of expelling moisture; the heat 
is then to be increased until it has reached 285° 
F., this heat being maintained for a period of 
three hours, or until the block is completely ster- 
ilized. Application of heat is then to be stopped 
and the temperature of the cylinder allowed to 
fall for one hour, or until same has been reduced 
to 250°. A vacutim is then to be applied until 
about 26 in. is reached, and while under this 
vacuum the creosote mixture is to be run into 
the cylinder at a temperature of from 175° to 
260° degrees, after which hydraulic pressure of 
not less than 200 lb. per square inch is to be 
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maintained and raised until the individual blocks 
are treated throughout. 

(6.) The creosote oil is to conform to the 
following specifications when tested, as follows: 

(7.) The gravity at 68° F. shall be not less 
than 1.12. When distilled in a retort with the 
thermometer suspended not less than I in. above 
the oil, it shall lose not more than thirty-five 
(35) per cent. up to 315° C., and not more than 
fifty (50) per cent. up to 370° C. The oil is to 
be free from adulteration; it must not be mixed 
with or contain any foreign material. 

(8.) The resin is to be solid resin obtained 
from pine. It is to be reduced to a fine dust 
by grinding and then incorporated with the hot 
creosote oil in a suitable mixing tank until the 
proper proportions are secured. 

(9.) After treatment the blocks are to show 
stich waterproof qualities that after being dried 
in an oven at a temperature of 120° for a 
period of twenty-four hours, weighed arid then 
immersed in clear water for a period of twenty- 
four hours and weighed, the gain in weight is 
not to be greater than three (3) per cent. 

(40.) Fine turnings from the block shall be 
placed in a suitable extraction apparatus and the 
oil completely extracted therefrom with ether or 
carbon bisulphide. The oil so extracted shall be 
placed in a suitable still and distilled. The por- 
tion up to 120° C., consisting of the solvent, is 
to be collected apart. The oil shall then be 
distilled up to 370° C. The creosote oil thus 
obtained must conform in all respects to the re- 
quirements of paragraph 39, subdivision 7. 

(41.) The Engineer shall have tests and ex- 
aminations made at the contractor’s works of 
the materials and blocks proposed to be used, 
and reject any or all of such materials and blocks 
as he may consider not to be in compliance with 
the specifications. The Borough President shall 
appoint an inspector at the expense of the con- 
tractor, who shall inspect the lumber and other 
materials used in the manufacture of the blocks, 
and the treatment of the blocks; and he shall re- 
ject any of such material and blocks as he may 
consider not to be in compliance with these speci- 
fications. 


(42.) The blocks will be carefully inspected 
after they are brought on the line of work, and 
all blocks which in quality and dimensions do 
not conform strictly to the requirements will be 
rejected and must be immediately removed from 
the line of work. 


It will be noticed that the rosin used is only 
25 per cent. and the specific gravity of the creo- 
sote oil is 1.12 which would give a weight of 9.4 
lb. per gallon as against 88 lb. as in the orig- 
inal Indianapolis requirements. 


In revising these specifications the writer modi- 
fied them by specifying that the mixture used 
should contain not more than 75 per cent. of 
oil and not less than 25 per cent. of rosin, that 
pine blocks should weigh as much as water, 
black gum blocks 59 Ib. per cubic foot and any 
other kind of wood at least 20 lb. per cubic foot 
more than the untreated. Also that the blocks 
should not absorb more than 3% per cent. of 
water after having been dried for twenty-four 
hours at a temperature of 100 deg. Fahrenheit. 
He also changed the wordings of the clause stat- 
ing the exact method of treatment by making it 
general in nature, so that a contractor can use 
any method he pleases provided that he uses the 
proper material in proper quantity and produces 
a specification block. 


The words “not more” and “not less” were in- 
serted because the author believes that with a 
correct proportion of rosin and oil there will be 
no trouble in making a block that will fill the 
requirements of the specifications. The weight 
requirement was made so as to ensure as cer- 
tainly as possible that at least twenty pounds of 
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the mixture is used. This is probably approxi- 
mate only, but undoubtedly useful. 

The writer was probably the person who first 
proposed the absorption test, and the preliminary 
drying was not only intended to drive off some 
of the contained moisture, but also to test the 
volatility of the oil used, and the idea was to 
subject it to a temperature that would produce 
a result equal to actual use. It was also be- 
lieved that an absorption of 3% per cent. was 
sufficiently severe. 

In order to ascertain the present practice the 
writer has compiled from the specifications of 
the cities mentioned in the accompanying table 
the salient points regarding treatment and tests. 
The table represents the general practical dif- 
ferences of the cities in this country and can be 
considered as representative requirements. 

It will be noticed that all of the specifications 
require creosote oil, and Indianapolis is the only 
one that does not require it to be mixed with 
something else. The Brooklyn specifications vary 
a little from the others in that they allowed as a 
substitute for resin “or any other suitable water- 
proofing material.” One contract was laid with 
material other than resin, and up to the present 
time, although only three years have elapsed, the 
pavement has been satisfactory. 

It should be the object of all engineers to reach 
the desired results in as economical a way as 
possible, and if 25 per cent. of resin is as good 
as 50 or, if none at all is necessary, it should be 


Mixture Tests 
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Long leaf 
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left out, as the addition of the resin makes quite 
an increase in the cost. It will be noticed also 
that all the cities but Minneapolis require 20 


_ lb. of material per cubic foot, where Minneapolis 


calls for only 16. Of course, if 16 lb. are as 
good as 20, there is no necessity for putting in 
the extra 4 Ib. 

It will also be noticed that, while the specific 
gravity of the oil called for in Boston, Indian- 
apolis and the Borough of Manhattan is 1.12, no 
specific. gravity is given for Brooklyn, and Min- 
neapolis calls for 1.09. It can be said regarding 
the Brooklyn specifications that they were made 
several years ago, when the question of the oil 
was not as well understood as it is at present, 
and no wood block has been laid in Brooklyn for 
the past three years. 

The question of the kind of wood also makes 
a difference in the treatment. All of the above 
specifications allow long leaf yellow pine; three 
allow Southern black gum, and the Minneapolis 
allow, in addition, Norway pine and tamarac, 
while Minneapolis also permits Washington fir. 
It can be easily understood that black gum, 
tamarac or fir, woods that contain no pitch of 
themselves, should require a different treatment 
than yellow pine. It will also be noticed that 
the only test specified for the blocks after they 
are treated is that Brooklyn requires the blocks 
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to be heavier than water, and Boston, Brooklyn 


and Manhattan require that they shall not have 


an absorption of more than 3 per cent. of water 
after having been dried for 24 hours and then 
immersed in water for an additional 24 hours. 

The question of the specific gravity of the creo- 
sote oil.is very important, and in order to learn 
something about the difference in the volatility 
of oils of different specific gravity a test of evapo- 
ration was made by the chemist of the Bureau of 
Highways, Borough of Manhattan, with the fol- 
lowing result: 

The experiment was carried out as follows: 
Approximately 50 grams of each oil was placed 
in an open cylindrical vessel having a diameter 
of 3 in. and 1% in. high. 
subjected to a constant temperature of 120 deg. 
Fahrenheit for a period of 50 days, the oil being 
frequently weighed, as shown in the table below. 

Four samples of oil were selected for these 
tests, two having a light specific gravity and two 


heavy oils. These oils when subjected to distilla- 
tion had the following constitution: 
Creosote Oils Distillate 
Os ss 33 Pe 
tS NE ona a 
oD ° Mm 5 v 
No. Nes = Sol OBO 
BE.) Co Ba Semi eo eet 
no ay of et RAY 
S—— 0070.0 «sea sie 1.055 82.5 8.5 91.0 9.0 
S—1003..-...6. 1.180 33-4 13.4 46.9 53.2 
S—1008........ 1.065 83.1 8.5 91.6 8.4 
S—T0t7oe see 1.190 35-4 19.9 46.3 53-7 


The amount in weight which these oils lost 
when maintained at 120 deg. Fahrenheit, in the 
number of days indicated, is shown in the follow- 
ing table: 


CREOSOTE OILS.—Loss in Weight at 120 deg. F. 


S-997 S-1003 S-r008 S-1017 
ie) fo} w ° 
ve) co io} fon) 
i = ie 
Bas ics 133 B43 
No. of Days B48 eH 8 24 § a6 
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26.8 10.7 24.2 7-4 
41.1 13.3 39.1 9.9 
53-1 16.0 49-7 12.1 
58.9 18.1 54.4 15.0 
3-4 19.1 59.1 15.8 
67.0 19.6 61.9 16.2 
69.1 20.3 64.1 16.7 
70.9 20.8 66.1 17.3 
v2.8 2172) 67.5 ne Aeney 


It will be noted that there is a great difference 
in the evaporation of the oils, both under high 
temperature and also the extended test of 50 
days. Under the so-day test, subject to a tem- 
perature of 120 deg. Fahrenheit, the oil with a 
specific gravity of 1.055 lost 72.3 per cent. of 
weight, while the oil with a gravity of 1.19 lost 
only 17.6. It must also be understood that a so- 
called creosote oil, with a specific gravity of 1.19, 
is an entirely different material from one with a 
specific gravity of 1.055; and it is questionable if, 
with the heavy oil, it is necessary to have the 50 
per cent. of resin, or any at all. In fact, a great 
many engineers contend that the addition of the 
resin is injurious rather than beneficial. The 
object of the resin, theoretically, is as much, if 

» not more, to preserve the creosote oil and main- 
tain it in the blocks as it is to act as any pre- 
servative itself. 

Referring to the different kinds of wood, the 
writer believes that it would be difficult to obtain 


an absorption of 3 per cent. or less with any of. 


the non-pitch woods. with so small an amount of 
oil as 20 lb. per cubic foot. A sample of black 
gum that had been kept in an office, under the 
ordinary temperature, for a year or more, that 
had been treated with 40 Ib. of oil per cubic foot, 
was tested for absorption, under the usual con- 
ditions, and absorbed less than 2 per cent. of 
water. 4 

All engineers will probably agree that the yel- 
low pine wood of itself is the best material that 
can be used. But this material is growing 
scarcer and more expensive every year, and the 


The oil was then © 
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government officials have been making experi- 
ments for some years, with the idea of obtaining 
other woods that would be equally as good, if 
possible. If, however, in order to get good results 
it is necessary to use more oil than with the 
pine, it might bring the cost of the cheaper woods 
equal to the cost of more expensive woods after 
both had been treated. 

The 20-lb. treatment will cost approximately 45 
or 50 cents per square yard for the mixture, and 
if an additional 20 lb. are added it, of course, 
increases the cost directly that amount. So that, 
at the present prices, with the same treatment, 
black gum has an advantage over the yellow pine 
of about 45 cents per square yard. This differ- 
ence, however, might be more than overcome by 
the durability, or rather lack of durability, of the 
wood under traffic. Black gum has been used to 
quite an extent recently in Boston, but not long 
enough to obtain positive results. 

After the proper treatment has been decided 
upon for the blocks, the question of how the 
engineers shall determine whether the specifica- 
tions have been carried out or not is very im- 
portant. It is a simple matter to see that the 
mixture has the proper specific gravity and, if 
resin is used, that the proper amount is added. 
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treated with 20 lb. per cubic foot and had lost 
18 per cent. it would still have 16.4 lb. per cubic 
foot of the original mixture, which is more than 
the original requirements for the Minneapolis 
specifications. It would seem, therefore, to the 
writet, conclusive that the blocks should con- 
form to the specifications when delivered on the 
street and not when treated. 

The requirement for sinking in water, which 
was inserted in the Brooklyn specifications, was 
used more to. give a quick test than for anything 
else, and it was found that if the pine blocks 
which were treated with a material that contained 
50 per cent. of creosote oil and 50 per cent. of 
some other suitable material, almost every block 
that would sink in water would conform to the 
requirements in regard to absorption. This, how- 
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The quantity of blocks put in the retort can be 
ascertained and the proper quantity of mixture 
used, so that the blocks will average the proper 
quantity per cubic foot. Of course, it will be 
impossible to be sure that each block has the 
required amount. When it comes, however, to 
applying the absorption test and the weight of 
the block, if that be specificed, another question 
comes up; that is, whether the blocks shall be 
tested at the works when they are just completed 
or at some subsequent time when delivered on the 
street, which may be some weeks or, very prob- 
ably, in some cases, months. The contractors 
claim that the test should be made at the works 
and, if satisfactory, then they should be accepted 
at any time afterwards. 

As the blocks are to be used in the streets for 
years, it would seem that they should be treated 
in such a way that they would stand the re- 
quired test, even if not used for several months 
after having been treated, especially if heavy oils 
have been used and in the light of the experi- 
ment noted above. The heaviest oil lost, approxi- 
mately, 18 per cent. after having been subjected 
to a temperature of 120 deg. for 50 days, which 
is an extremely severe test and one-never possible 
to be reached on the street. If a block had been 
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ever, in later experiments has not been found to 
be true, and, in many cases, blocks that would 
sink in water have not conformed to the absorp- 
tion test. This may have been because the 
blocks were heavier originally; they did not take 
the treatment and absorb as much oil as the 
other blocks, and that when immersed in water 
would absorb more water. This is wholly specu- 
lative, however. ; 
The writer believes that the question of treat- 
ing wood paving blocks is one that is being in- 
vestigated more at the present time than any 
other one kind of pavement, as he has received 
many inquiries regarding it during the past sea- 
son. He also believes that it is a matter that 
neither engineers nor contractors have any posi- 
tive knowledge of at the present time, and thinks 
it of great importance that the different cities in- 
vestigating the matter should, in some way, give 
each other the result of their different investiga- 
tions, so. that in the end all cities might arrive at 
a good and satisfactory specification. ; 
The question of testing the blocks is one of 
great importance, and it is absolutely necessary 
to arrive at some method of making the tests that 
will be as nearly positive as possible and per- 
fectly satisfactory. 


( ; 


And the object of writing 
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this paper has been, not so much to give in- 
formation as to seek it and, if possible, to bring 
about the consummation above mentioned; that 
is, the getting together the ideas of the different 
engineers of the various cities and finally reach a 
result that will be satisfactory to all. 


An Export Steel Pier-Shed. 


The new deep-water pier for the Insular Dock 
Co., in San Juan Harbor, Porto Rico, is 420 ft. 
long by 100 ft. wide over all and has a wooden 
pile sub-structure and a steel superstructure. The 
design is of an ordinary type, and the construc- 
tion is simple and is intended to adapt standard 
features and practice to the local conditions and 
the requirements for shipment. It is therefore 
interesting, not for novel or unusual construc- 
tion, but as an example of a class of work likely 
to be undertaken in increasing amounts by Amer- 
ican engineers and contractors. 

The pier is located in a sheltered harbor, where 
there is a tide of 1 ft., and it is not exposed to 
unusually severe winds or to especially heavy 
impact from ‘adjacent navigations. The sub- 
structure is made with yellow pine creosoted 
piles about 70-80 ft. long, driven through 50-60 
ft. of water and soft mud to hard bottom. They 
are arranged in transverse bents 10 ft. apart on 
centers, with 23 bearing piles in each bent, all 
of which, except the three at each end, are 5 ft. 
apart. There are also two spur piles and two 
fender piles in each bent. The piles are capped 
with longitudinal 12 x 12-in. rangers, with butt 
joints, and 6 x 12-in. double side plates between 
bents. The piles are connected transversely by a 
pair of 6 x I2-in. horizontal ledger pieces at the 
top of each bent just below the longitudinal 
timbers. The floor is made with 4-in. transverse 
planks covered with 4 in. of concrete. 

The 96 x 400-ft. steel shed is symmetrically 
located on the pier and has a height of 50 ft. 3 in. 
over all. It is made with 21 transverse bents, 20 
ft. apart, connected with 21 lines of longitudinal 


_ purlins, two lines of longitudinal struts and nine 


sets of lateral X-bracing in alternate panels in 
the planes of the rafters. At one end of the shed 
there is a two-story house, two panels long, for, 
office and administration purposes, and the re- 
mainder of the building is one story in height, 
with a monitor 7 ft. high and 14 ft. wide on the 
center line of the building, occupying 17 panels in 


‘length. 


Each transverse bent has a triangular: riveted 
main roof truss, 18 ft. 3 in. deep in the center, 
which is knee-braced and rigidly connected to the 


_ tops of the wall columns, 20 ft. high. The top 


chord or rafter has a T-shaped cross section 
made with a pair of 4 x 3%4-in. flange angles and 
a I2-in. vertical web plate, to which the single 
and double angles forming the other members of 
the truss are riveted direct without connection 
plates, except at the feet and at the eaves. The 
truss members are to be shipped separate and 
field-riveted together in a horizontal plane on 
the ground and erected by derricks. 

The columns have an I-shaped cross section 
and a horizontal base plate, bolted directly to the 
floor timbers. The trusses are connected by 
longitudinal struts at the peak.and at the foot 
of the center vertical and by 18 lines of 7-in. 
channel purlins, bolted to angle clips on the 
top flanges of the top chord. Knee-brace plates 
riveted to the upper lines of purlins and to the 
top chords of the trusses serve also as connection 
plates to receive the feet of the verticals in the 
monitor frames at panel points. Intermediate 
monitor frames are connected directly to the 
purlins and carry three lines of 4-in. channel and 
I-beam purlins. All purlins have 2 x 3-in. nailing 
strips bolted to their top flanges to receive the 
1%4-in, sheathing boards parallel to the top 


_cableway rope. 
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chords, which are covered with the ordinary tar, 
felt and gravel roofing. 

A wooden gutter is formed at the eaves by a 
sort of fascia or cornice board flashed with the 
roofing. The eaves purlin has an L-shaped cross 
section made with two channels, one vertical and 
one horizontal, the latter serving as a frame for 
the siding and door casing. The fifth purlin from 
the eaves on each side is reinforced from end to 


end of the building by a 3 x 3 x %4-in. angle 


riveted to the web of the channel to stiffen it 
for the longitudinal countenance of the lateral 
stresses. The lateral diagonals are 1-in. rods, 
with screw ends and nuts bearing on beveled 
washers. ‘ 


The walls of the building are sheathed with 
corrugated iron, secured to studs and girts made 
respectively ‘with 6-in. vertical channels and 
2x 2x Y-in. horizontal angles. The shore end 
is made special, with intermediate columns for 
the two large doors, and with an extension for a 
false front above the roof line. Between the 
one-story and two-story parts of the structure 
there is a special junction bent made with a 
horizontal 12-in. channel running across the full 
width of the building at the height of the eaves, 
20 ft. above the floor, and supported by five inter- 
mediate columns. The side walls of the one- 
story part have six full-width doors, one in every 
third panel, with two windows above each door. 
In eight panels between the doors there are %-in. 
round X-brace rods, corresponding in seven 
cases to the lateral bracing in the roof. In two 
of the center panels the diagonal bracing occurs 
where there is none in the corresponding roof 
panels. 


Between the large side doors the inner faces 
of the columns are protected by freight fenders, 
consisting of eight horizontal lines of 2 x 8-in. 
planks, 8 in. apart, spiked to 3 x 4-in. vertical 
studs furred out 4 in. from the column, forming 
a pocket for the sliding doors. In the shore end 
of the building there are two large doors, two 
small doors and sixteen windows. At the river 
end there is one 14 x 16-ft. center door and one 
large window in the monitor. Most of the space 
in the side walls of the monitor is occupied by 
Berlin louvres, without glass. The total weight 
of structural steel is about 550,000 lb. The con- 
tract for the pier and shed was awarded to John 
Monks & Sons, New York; Mr. Richard A. 
Monks is the company’s engineer on the dock, 
and Mr. John W. Ripley, engineer on the shed. 
The steel work was furnished by the Dietz- 
Waring Co., of New York. 


A 1,200-Fr, Dousre CastewaAy for hauling 
coal and shale across a valley has been installed 
by Messrs. R. White & Sons, Widnes, England. 
There are four spans in all, the intermediate 
towers being 12 to 30 ft. high. The grades of 
the rope vary from I in 6% to I in 2, the 
slope being upward against the loads. The load- 
ing terminal is about Io ft. from the top of the 
colliery shaft, and a track runs from the latter 
to the loading terminal, sloping rapidly down- 
ward beyond the point, where the cableway picks 
up the cars. The latter weigh about 400 lb. each 
and carry a load of 800 lb. They are attached 
to the cableway carriers by stirrup-irons, which 
go under the box of the car. On reaching the 
discharge end they take the ground on a rising 
grade, exactly opposite to the arrangement at the 
loading end, and when on the level are auto- 
matically detached from the hauling rope. The 
small cars are dumped into railroad cars and 
sent back to the loading point on the return 
At the discharge end a tension- 
wheel is mounted on a trolley, which runs on a 
short track to take up the slack. The maximum 
capacity, according to “Engineering,” of London, 
is 70 tons per hour, 
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The Sterilization of Treated Sewage. 


At the present: time there are few subjects 
more interesting to those engaged in research 
work in sanitary engineering than the sterilization 
of the effluents of sewage disposal works. The 
subject can hardly be termed one of immediate 
‘practical importance, except in a very few places, 
like Baltimore, where the existence of a great 
shellfish industry has made it obligatory to ensure 
an unusual degree of purification of the sewage 
before its discharge into Chesapeake Bay. In 
fact, the importance of sterilization will depend 
very largely on the results which may be rea- 
sonably expected from it and the cost of attain- 
ing these results, both of which factors remain 
to be determined. An instructive paper on the 
subject by Messrs. Phelps and Carpenter was 
printed in this journal on Jan. 19, 1907, and in 
the present article it is proposed to give an out- 
line of investigations made by Messrs. Karl F. 
Kellerman, R. Winthrop Pratt and A. Elliott 
Kimberly, and described in a recent bulletin of 
the U. S. Bureau of Plant Industry. 

Experiments upon the germicidal effect of cop- 
per were planned to include sewage effluents of 
different qualities, ranging from highly purified 
effluents from sand filters to the putrescible efflu- 
ents from septic tanks. Westerville, the Boys’ 
Industrial School, Lancaster, and Marion, Ohio, 
were selected for sub-stations, and a preliminary 
experiment upon fresh sewage was conducted at 
St. Mary’s of the Springs, near Columbus, Ohio. 

St. Marys. St. Mary’s of the Springs is a 
convent school of about 175 persons. The sewage 
is discharged into two tanks operated in series. 
These tanks are Io ft. in diameter and about 6 ft. 
in depth to the flow line. Recent measurements 
indicate that the flow of sewage is in the vicinity 
of 12,000 gal. for a period of 16 hr., there being 
practically no flow after 10 o’clock p. m. The 
highly putrescent sewage discharges from the 
second tank into a small brook. It has been 
the daily practice of the health department of 
Columbus to apply copper sulphate to the sewage 
at the inlet of the second reservoir. The sulphate 
in a dry state is placed in a perforated pail, which 
is lowered into the liquid to a point opposite the 
discharge pipe from the first reservoir. The sul- 
phate remains suspended here, exposed to the 
somewhat erratic solvent action of the incoming 
sewage; at times it is found that the entire 
quantity of chemical used for one day’s dose is 
not completely dissolved in 24 hr. In making 
an examination of this plant samples of untreated 
sewage entering the second tank and of treated 
sewage leaving the second tank were collected 
at half-hourly intervals for a period of seven 
hours on two successive days. 

From an average of 16 samples of effluent col- 
lected on two days the total number of bacteria 
to the cubic centimeter developing within 48 hr. 
at 20° C. was 5,600,000 for the raw and 65,000 
for the treated sewage, giving a reduction of 
approximately 99 per cent. Platings of the treated 
effuent when incubated at 37° C. for a period of 
24 hours averaged 250,000 colonies, of which 
36,750, or 14.7 per cent., were acid-producing, the 
majority being Bacillus coli. 

The cost of treating the settled sewage is 
practically the cost of chemicals and the cost 
of maintenance, as the construction costs for the 
plant are practically negligible. With copper sul- 
phate at 6 cents a pound and a daily sewage 
flow of 12,000 gal., the expenditure for chemicals 
is 3 cents for each 1,000 gal. using 6 lb. of 
copper sulphate a day. The labor cost may be 
considered to be 25 cents a day. Similar plants 
applying copper sulphate in the proportion of 
63 parts to the million to a sewage flow of 12,000 
gal. would require about 6 Ib. of copper sulphate 
daily, costing 36 cents a day. On an annual basis 
the chemical and maintenance cost would be about 
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$222.65. Capitalized at 5 per cent., 
represent an investment of $4,500. 

For crude sewage much better results could 
probably be obtained by using 100 parts of copper 
sulphate to each million parts of sewage. For 
treating 12,000 gal. of sewage at this rate the 
expense would be 60 cents a day, or $310.25 an- 
nually, and the corresponding capitalization would 
be $6,200. 

Westerville. The sewage plant at Westerville, 
Ohio, comprises two small septic tanks, which 
discharge, through an aerating device, onto six 
primary cinder filters, which in turn discharge 
upon two secorfdary filters. The plant at the 


this would 


present time is operated continuously, instead of’ 


upon the contact principle. The effluent from the 
primary filters is usually non-putrescible, but at 
times tends to become unstable and contains con- 
siderable crude organic matter. As the effluent 
from the primary filters was the more accessible, 
by suitable piping it was conducted through an 
orifice box, where the proper quantity could be 
diverted for the experiments with copper treat- 
ment, the excess being discharged over a waste 
weir. 

The copper crystals were dissolved in barrels 
and conducted to an orifice box, where a constant 
head was maintained upon an adjustable orifice. 
The quantity of copper sulphate used in each 
test was based upon the computed flow of 41,000 
gal. of effluent in 24 hours. At the point of 
entrance of the sewage effluent and the copper 
solution there was a small longitudinal baffle, 
serving to effect a thorough mixture of the 
chemical and the effluent. The time of contact 
of sewage and sulphate was slightly over one 
hour. It was the general practice to apply copper 
sulphate at a given concentration for two con- 
secutive days. 

At hourly intervals during the test bacterial 
samples of the sewage effluent were collected 
before and after treatment. Samples for chemical 
analyses were collected at hourly intervals, and 
the composite sample so obtained was subjected 
to chemical analysis. In addition, determinations 
were made in the field for free carbonic acid and 
for alkalinity before and after treatment. 

The percentage of removal of bacteria grown 
at 20° C. varied from 95 to 59 per cent., depend- 
ing upon the concentration of copper sulphate 
applied and also upon changes in temperature. 
The removal of bacteria developing at 37° C. was 
much more erratic than was the case at 20° C., 
the percentage of removal varying between 28 and 
96 for total numbers and between 66 and 100 for 
acid-producing bacteria. 

On the basis of treating daily 41,000 gal. of 
effluent from the primary contact filters, the in- 
itial cost of a plant for applying the germicidal 
chemical would be $70 in round numbers. Con- 
sidering a satisfactory removal of pathogenic or- 
ganisms to be produced by a concentration of 40 
parts to the million, the daily quantity of copper 
sulphate required would be 13.7 lb.; the cost for 
chemicals would be about 82 cents, and for 2 
hours’ labor, 50 cents. The annual cost, with 
copper sulphate at 6 cents a pound and labor at 
25 cents an hour, would then be $482.50. Capi- 
talized at 5 per cent. this would represent an 
investment of $0,650. 

Boys’ Industrial School. The Boys’ Industrial 
School is a State institution near Lancaster, Ohio, 
and has about 1,100 persons. The sewage is 
treated on 23 intermittent sand filters, which re- 
ceive the crude sewage, which has been subjected 
only to rough screening as a preliminary treat- 
ment. The flow averages about 160,000 gal. in 
24 hours. It was thought most practicable to 
apply the chemical to the entire effluent flow, 
carrying out the experiments with a view to 
learning the quantity of copper sulphate re- 
quired to destroy coli-like organisms when the 
effluent was flowing at a maximum rate. 
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The quantity of copper sulphate applied at the 


“beginning of the test was calculated to afford a 


concentration of 5 parts to the million. The rate 
of flow of the copper solution was practically 
constant at 0.75 gal. a minute, but the flow of the 
sewage effluent varied widely; consequently, the 
resulting concentration of copper sulphate showed 
the same variations. The concentration of copper 
sulphate applied was increased on each successive 
run until a maximum of 20 parts to the million 
was reached, based on a flow of 150,000 gal. 

From the public health standpoint the treatment 
at Lancaster was more satisfactory than either of 
the two preceding cases. The more efficient action 
of copper stlphate at Lancaster is undoubtedly 
due to the better chemical condition of the sewage 
effluent, especially its greater freedom from or- 
ganic matter and its freedom from carbonates. 

The daily application of copper sulphate to the 
Lancaster sand filter effluent, with its flow of 
160,000 gal. a day, would require 17.3 Ib. of 
sulphate, and the cost of this chemical would be 
about $1.04 a day, based on applying 13 parts of 
copper sulphate to each million gallons of effluent. 

The cost of constructing the Lancaster plant 
used in these experiments and capable of treat- 
ing sewage at the rate of 160,000 gal. for six 
hours was $29. However, a fair estimate of the 
cost of a plant under practical conditions for con- 
tinuous treatment would be about $92. The main- 
tenance cost per annum on the above basis would 
be $1,109.50. Capitalized at 5 per cent., this would 
represent an investment of $22,000. 

Marion. The sewage disposal plant at Marion, 
Ohio [Eng. Record, March 17, 1906], is a com- 
bination of septic tanks, contact filters and sand 
filters, handling about 600,000 gal. of sewage daily. 
The storage or contact period of sewage effluent 
and copper sulphate was determined to be about 
one hour. The solution was discharged at the 
rate of 2 gal. a minute. 

At the present time the disposal plant is hand- 
operated in the daytime only, and it was during 
such normal operation that the copper experi- 
ments were carried out. From 7 o’clock a. m. 
until 10 a. m. practically no water is discharged 
into the effluent channel; hence all of the tests 
began at about Io a.m. Samples were collected 
at half-hourly intervals. 

The results of these experiments are somewhat 
disappointing. The degree of bacterial purifica- 
tion did not equal that obtained at Westerville, 
and, as at Westerville, a great increase in the 
quantity of copper sulphate applied caused but 
slightly increased efficiency. The chemical con- 
dition of the effluent at Marion was somewhat 
similar to that at Westerville, but the time of 
contact with ‘copper sulphate was much shorter. 
As several investigators have shown, time of con- 
tact is a very important element in the germicidal 
action of copper, and the low bacterial removal 
is probably due to this factor. 

The application of copper sulphate to the Ma- 
rion sand-filter effluent, with a daily flow of 600,- 
000 gal., on a basis of applying 20 parts of copper 
sulphate to each million gallons of effluent, would 
cost $6 a day for chemicals, and the cost of con- 
structing a plant for applying the copper sulphate 
would be about $151. The cost of treatment an- 
nually on this basis would be about $2,920. Capi- 
talized at 5 per cent. this would represent an 
investment of $58,000. 

After completing the experiments with copper 
sulphate it was decided to experiment with the 
use of chlorine. In the case of certain hospitals 
it may be desirable to disinfect the crude sewage 
discharged from them, and this may be done 
satisfactorily by means of chlorine, without in- 
terfering with the subsequent biological phe- 
nomena of purification. Generally speaking, how- 
ever, the proper function of germicides in dealing 
with a large quantity of sewage is that of im- 
proving the biological character of the previously 
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chemically purified effluent. This chemical purifi- 
cation may be only partial, as in the case of the 
effluent from septic tanks, or complete, as in the 
case of a high-grade sand-filter effluent. 

As the most inexpensive and practical source of 
chlorine for the experiments, calcium hypochlorite 
or bleaching powder was selected. This costs 
upon an average about 3 cents a pound, and in 
large quantities may be purchased for 2% or 234 
cents a pound. The strength of the commercial 
chloride of lime in bulk varies widely and, accord- 
ing to analyses of the commercial product pur- 
chased in Columbus, Ohio, ranges from 18 to 25 
per cent. of available chlorine. The data of cost 
have been calculated on the basis ‘of 2% cents for 
a grade containing 25 per cent. of available 
chloride. 

According to the experience gained at Lan- 
caster and Marion, the preparation of the hypo- 
chlorite solution is an important feature in the 
successful chlorine treatment of sewage effluents. 
It was found that unless special precautions are 
taken in dissolving the bleaching powder, many 
large lumps which inclose chlorine remain and 
materially-reduce the efficiency of a given weight 
of bleaching powder. . 

The method of preparation found to give the 
best results is as follows: A weighed quantity 
of bleaching powder is placed in a shallow box 
and covered with sufficient water to form a 
smooth paste. More water is then added until the 
heavier particles settle out, thus allowing the solu- 
ble and finely divided chloride of lime to be de- 
canted. After decantation more water is added, 
the coarse lumps are broken up, and the process 
repeated until as much as possible has gone into 
solution. The importance of thoroughly mixing 
the chloride of lime solution and of grinding the 
dried chloride as fine as possible cannot be too 
strongly emphasized; otherwise a loss of from Io 
to 30 per cent. may take place, especially in the 
case of low-grade bleaching powder. 

Boys’ Industrial School. The leading results 
obtained during the first series of chlorine tests 
at Lancaster indicated that the removal of coli- 
like organisms was practically 100 per cent., and 
the removal of total organisms, 99.8 to 99.9 per 
cent. In organic compounds the effluent under 
treatment was substantially similar to that found 
during the copper experiments, and the tempera- 
ture of the effluent was practically at the maxi- 
mum density of 4° C. In practically all instances 
by means of the iodo-starch tests residual chlorine 
was detected in the discharge after a storage of 
about three hours. The solution was discharged 
into the sewage effluent at the rate of 0.75 gal. a 
minute, and variations in the quantity of chlorine 
applied were made by changing the strength of 
the hypochlorite solution. 

The cost of constructing a bee for treating 
the sand filter effluent of the Boys’ Industrial 
School with chlorine may be taken at $92. Sub- 
stantially the same plant could be used as in the 
case of treatment with copper sulphate. The 
annual cost, applyirg 4 parts to the million of 
available chlorine to a sand filter effluent flow of 
160,000 gal., would be about $924. Capitalized at 
5 per cent., this would represent an investment of 
$18,500. 

Marion. The procedure adopted in the chlorine 
disinfection tests was substantially similar to that 
followed in the experiments with copper sulphate, 
but the rate of application of the disinfectant solu- 
tion was increased to 3 gal. a minute. As the 
effluents from either the septic tanks or the 
contact filters could be diverted directly into the 
effluent sewer, experiments were planned with 
each of the three grades of effluents, from the 
sand filters, the contact filters and the septic tanks. 

The effluent from the sand filters was first 
experimented with, and the quantity of chlorine 
applied during the three runs on the sand filter 
effluent was on the average 3.8, 3.0 and 1.5 parts _ 
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to the million. In the first two runs the steriliz- 
ing effect of the chlorine was sufficient to remove 
08.8 and 99.7 per cent. of the total bacteria, 98.5 
and 99.1 per cent. of bacteria developing on 
lactose-azolitmin agar at 37° C., and 100 per cent. 
of the acid-forming bacteria, respectively. The 
conclusion may therefore be drawn that Bacillus 
coli was not present in the treated effluent. On 
the third test with a chlorine concentration, on 
the average of only 1.5 parts to the million, the 
bacterial removals were 94.3 for total bacteria at 
20° C., 99.2 for bacteria developing on lactose- 
azolitmin agar at 37° C., and 99.9 per cent. for 
acid-forming bacteria. The average of the plat- 
ings at 37° C. in the case of the third run con- 
tained but one red colony. This, by full deter- 
minative tests, was found to be Bacillus coli. No 
residual chlorine was found in the disinfected 
sewage. ‘ : 

The effluent from the contact filters contained 
organic matter of a more putrescible character 
than did the sand effluent previously studied. The 
quantity of chlorine applied ranged from a mini- 
mum of 1.7 to a maximum of 14.5 on the first 
run; on the second run, from a minimum of 2.6 
to a maximum of 20.4, and on the third run, a 
minimum of 2 to a maximum of 31.8: parts to 
the million. The quantity of sewage discharged 
varied widely at different times during the day, 
depending upon the amount of sewage held in 
the filter. At the end of a discharge the rate is 
very small, and during such periods, of course, the 
strength of chlorine applied was greatly increased. 

The effect of the applied chlorine on the chem- 
ical character of the contact-filter effluent is simi- 
lar to that produced in the sand-filter effluents. 
The average quantity of chlorine, 2.9 parts to the 
million, sufficed to remove 97.8 per cent. of the 
total organisms. The tests for Bacillus coli indi- 
cated that the contact-filter effluent contained 
about 20,000 to the cubic centimeter, but after 
treatment these organisms usually could not be 
detected in 0.5 cubic centimeter of the effluent. 

In the second run, with an average chlorine 
application of 5 parts to the million, the reduction 
of total organisms was 97.6 per cent., that of 


‘bacteria developing at 37° C. on lactose-azolitmin 


agar was 99.5 per cent., and the removal of acid- 
forming bacteria was 100 per cent. Further, 
Bacillus coli usually was not found in 0.5 cubic 
centimeter of the treated effluent, while in the 
untreated effluent it was found in numbers aver- 
aging 15,000 to the cubic centimeter. The total 


organisms in the treated effluent were 1,600, and . 


the total development at 37° C. was 370 to the 
cubic centimeter. No red colonies were found 
during this run. 

On the third run, with an average chlorine 
application of 4.4 parts to the million, the total 
removal of bacteria developing at 20° C. was 
99.8 per cent., the removal of bacteria developing 
at 37° C. was 99.4 per sent., and the removal of 
acid-forming bacteria was 99.9 per cent. The red 
colonies developing in the case of the untreated 
effluent contained 21,000 organisms to the cubic 
centimeter, while in the treated effluent only 3 
were found. The tests indicated that Bacillus 
coli usually was not present in 1 cubic centi- 
meter, although fotind in the untreated effluent 
approximately 20,000 to the cubic centimeter. 

The tests for residual chlorine in the treated 
effluent were generally negative. 

Attention was next directed to the application 
of chlorine to the effluent from the septic tanks. 
The addition of approximately 5 parts of chlorine 
to 1,000,000 parts of septic sewage did not suffice 
to effect a very material removal of either total 
bacteria or fermenting organisms. The total bac- 
terial removal ranged from 36 to 88 per cent. A 
higher concentration of chlorine produced only a 
slight increase in efficiency. At the highest con- 
centration tested the acid-forming bacteria in the 
applied sewage were 100,000 to the cubic centi- 
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meter-and were reduced by the chlorine treatment 
to 51,000, showing an average reduction of 49 
per cent. The indications are that with the quan- 
tity of chlorine applied the removal of bacteria 
is by no means as complete as is desirable. Tests 
for the presence of residual chlorine in the treated 
effluent were carried out, but were negative in 
every instance. 

An effort was next made to learn the efficiency 
of greatly increased amounts of chlorine. Such 
information would appear to be of considerable 
importance in connection with the disinfection of 
hospital sewages at times of epidemics in cases 
where sedimentation alone is the only permanently 
available means of treating the crude sewage. To 
this end six experiments in the chlorine treat- 
ment of septic sewage were made, the amount of 
chemical applied ranging from 7.3 to 48.5 parts 
to the million. The experiments at these higher 
concentrations were conducted substantially as 
those already discussed. 

About 25 parts to the million of applied avail- 
able chlorine’ were sufficient to remove a sub- 
stantial proportion of coli-like organisms, al- 
though a complete removal of Bacillus coli was 
not accomplished. In the runs in which the 
concentration of the applied available chlorine 
was increased to a maximum average of 48.5 parts 
to the million the removal of Bacillus coli was 
found only slightly greater than in the case of 
the application of 25 parts to the million of 
available chlorine. In this connection it should 
be noted that the suspended matter in the septic 
effluent increased considerably, and this probably 
in large part explains the low removals obtained 
with the increased quantity of applied* chemical. 
Observations made during the experiments at 
Marion emphasize the great effect of the periodic 
discharge of a septic effluent charged heavily with 
suspended matters. At such times, no doubt, the 
absorption of the chlorine is very great, and pre- 
sumably the organic matters in suspension in the 
septic effluent destroy a considerable part of the 
disinfectant added. 

‘The cost of constructing a plant for treating 
the several effluents studied at the Marion sewage 
plant may be taken as $151, exclusive of arrange- 
ments for supplying water to dissolve the chloride 
of lime. This estimate allows for continuous 


treatment at a rate of flow of 600,000 gal. in 24 . 


hours. 

The cost of applying 4 parts to the million of 
available chlorine to the sand filter effluent is 
$730 annually. The total annual cost, including 
labor, but excluding the cost of supplying water 
for preparing the chlorine solution, would be 
about $1,620, on the basis of an effluent flow of 
600,000 gal. daily. Capitalized at per cent., this 
would represent an investment of $29,000. 

‘The cost of applying 5 parts to the million of 
available chlorine to the contact filter effluent 
would be about $2.50 a day, requiring 100 lb. of 
the chemical. The total annual cost, including 
labor, but excluding the cost of supplying the 
water for dissolving the germicide, would be 
about $1,640. Capitalized at 5 per cent., this 
would represent an investment of $34,000. 

Assuming 25 parts to the million as a fair 
average figure for the disinfection of the septic 
effluent, provided the same is at all times free 
from abnormal amounts of suspended matters, 
the total annual cost, including labor, would be 
about $5,300. Capitalized at 5 per cent., this 
would represent an investment of about $106,000. 

In view of the importance attached to chlorine 
absorption by previous investigators and the fact 
that a fixed relation between the chlorine and the 
oxygen consumed, respectively, would be of 
marked value in the practical control of steriliza- 
tion with chlorine, it was decided to inquire into 
the chlorine-oxygen relation for conditions at 
Lancaster. Especially was this important, since a 
complete removal of Bacillus coli was obtained by 
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the use of slightly less than 5 parts of chlorine 
to the million, and also since there was noted the 
presence of residual chlorine after a three-hour 
storage of the treated effluent. 

It appears that under conditions obtaining in 
some experiments chlorine up to 7.5 parts to the 
million would be absorbed from the sewage efflu- 
ent in about 45 minutes, and that chlorine in con- 
centrations of 10 parts and over would be de- 
tected in the treated effluent at the end of four 
hours. Additional experiments showed entirely 
different results, however; in one instance, a 
chlorine concentration of 75 parts to the million 
could not be detected at the end of one hour. 

In continuing at Marion the study of the absorp- 
tion of chlorine by organic matter and the pos- 
sible relation between such absorption and the 
oxygen absorption shown by the standard oxygen- 
consumed process, there were carried out 48 sepa- 
rate experiments. These experiments dealt with 
the question of chlorine absorption and used, re- 
spectively, sand filter effluent, contact filter efflu- 
ent, septic sewage and crude sewage, each being 
prepared at different dilutions by the addition of 
tap water. 

From the results of the studies the following 
conclusions are drawn: 

(1) The ratio of chlorine consumed to oxygen 
consumed in a five-minute period of contact bears 
no constant relation to the oxygen consumed by 
the five-minute boiling method. 

(2) The concentration of applied chlorine af- 
fects the quantity of chlorine absorbed, the ab- 
sorption at a concentration of I00 parts to the 
million being fully double that at 50 parts to the 
million. 

(3) Increasing concentrations of chlorine up to 
250 parts to the million increase the quantity of 
absorbed chlorine very materially, but above this 
there appears to be very little increased absorption 
even with a chlorine concentration of 500 parts 
to the million. 

(4) Increasing the period of contact to two 
hours effects but little increase in the ratio of 
chlorine consumed to oxygen consumed, except 
for the higher chlorine concentrations of from 
250 to 500 parts to the million. 

(5) The actual amount of chlorine absorbed 
in five minutes by the several liquids tested, under 
concentrations of chlorine of 50, 100, 250 and 500 
parts to the million, ranged as follows: Crude 
sewage, 24 to 148; septic sewage, 41 to 160; con- 
tact filter effluent, 42 to 80, and sand filter effluent, 
33 to 68. 

(6) The absorption of chlorine apparently is 
largely dependeyt upon the organic content of 
the liquid treated, increasing materially as the 
oxygen consumed of the effluent increases, but 
not in a definite ratio. 

(7) For the same concentration of applied 
chlorine the ratio between the chlorine consumed 
and the oxygen consumed appears to increase as 
the organic matters decrease. 

(8) The readily oxidizable matter in the septic 
sewage studied apparently causes a rapid absorp- 
tion of chlorine, increasing the chlorine-oxygen 
ratio, especially in the case of the lower concen- 
trations. 


A Strance WELL exists at Riverside Park, Lo- 
gansport, Ind. An 8-in. pipe was first sunk about 
80 ft. and inside it a 5-in. pipe was carried down 
lower. Fresh water from a limestone stratum 
comes up between the two pipes, while water 
which tastes and smells strongly of hydrogen 
sulphide comes up through the 5-in. pipe from a 
lower stratum. The sulphur water flows at the 
rate of a gallon a minute from the drinking foun- 
tain over the well, while the fresh water flows 
with a somewhat smaller volume from a pipe 
about 20 ft. distant. There is a similar well 
about 15 miles north of Cincinnati, but the latter 
is non-flowing. 
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The Proposed Dock System of Newark. 


Attention was called some months ago in the 


Current News Supplement of this journal to the 
fact that steps were being taken to improve the 
facilities of the city of Newark for handling 
water-borne shipments. The project is an old 
one, but it is only recently that it has taken 
definite form. The location of the city is such 
that it can enjoy excellent facilities for shipping 
at a small expense compared with the benefit to 
be derived from the cost of the work. The prep- 
aration of the plans for the improvements has 
been entrusted to Mr. James Owen, who has 
made a study of the subject for many years. 
The plan he has prepared is shown in the accom- 
panying diagram and the following notes are 
taken from his report recently submitted to Mr. 
M. R. Sherrerd, city engineer of Newark. 

At the present time one-third of the area of 
Newark, known as the Meadow Section, is prac- 
tically undeveloped, although the population on 
the higher land within the city limits increased 
from 10,000 to 300,000 during the last century. 
The: manufacturing interests of the city are di- 
versified and there is a large business between 
the city and New York. The city manufactured 
in I905 products to the value of $150,000,000, 
but its exports by water were only $3,711,364. 
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tract. On each side of the canal is a system of 
slips similar in design to the most approved dock 
construction of this country. The bay front out- 
side the limits of the canal will also be developed 
in a similar way, and on the westerly end of the 
canal are a series of slips and’ piers for coal 
handling, for domestic and foreign use. 

In determining the depth of the canal, the 
fact that the facilities must be adequate for for- 
eign trade and foreign vessels, make at least 30 
ft. desirable. It will accordingly be necessary to 
dredge a channel in Newark Bay for a distance 
of about a mile to a point where the 30-ft. depth 
in that body of water is attainable. 

The arrangement of the piers and slips is 
based on a width of 250 ft. for the slips and 150 
ft. for the piers. Each pier in the canal will be 
1,200 ft. long. The piers on the bay front in 
the canal will be 1,500 x 150 ft., and the coal 
piers will be 1,500 ft. long. On each side of the 
bay front slips for transfer floats are provided 
for direct New York trade, or for transfer to 
railways not having access to the proposed de- 
velopment. It will be noticed that the piers are 
not laid out at right angles with the canal itself 
but diagonally, an arrangement which gives an 


easier access from the piers to the canal. Docks’ 


for barge accommodation are also included in 
the lay-out for the purely local trade from the 
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to any other given point in the system, or be 
transferred to any of the trunk lines. Two as- 
sembly yards have also been designed, and di- 
rectly connected with them are transfer slips for 
cars to be hauled away in any direction by water. 
Two highway connections ,are \designed as part 
of the system, one at the west end of the lay-out 
and one at the center. These highways can be 
constructed with tracks on them for trolley ser- 
vice. ; 
In addition to the necessary strip of land re- 
quired for complete access to every point of the 
development, it is proposed to reserve a strip of 
land extending nearly 1,000 ft. in width on each 
side of the piers and slips for future use as may 
be required, such as for warehouses for storage 
and for manufacturing plants which may find 
the facilities favorable for’ any specific indus- 
try. It is believed that this reservation is of 
the utmost importance in order to complete the 
system, and the land may be brought to grade 
by using the material excavated in the main 
channel in the bay and in the canals and slips. 
The construction of these works is stated by 
Mr. Owen to present no difficult engineering 
problem. The surveys recently made show an 
average depth of about 10 ft. of black meadow 
soil and under this a deposit of unknown depth 
consisting, of sand and clay. All the material 
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The Proposed Dock and Ca 


In the year ending: June 30, 1907, the exports had 
decreased to $1,685,113, although there is no 
doubt that the total volume of manufactures 
had increased. Mr. Owen considers that it is 
probable that $14,000,000 of manufactured prod- 
ucts are sent from Newark to New York for 
transfer into vessels. 

The dock facilities of the city’ of New York 
are all occupied and an extension of such facili- 
ties has become imperative. Various methods of 


relief have been suggested, but: Mr. Owen be-: 


lieves that none of them are equal to the devel- 
opment of docks along the Newark meadows, 
where railway facilities are far better than on 
Long Island. By developing the meadows in 


the manner indicated, Mr. Owen believes that 


Newark may acomplish the same result that 
Glasgow obtained in developing the River Clyde. 
This was changed from a sluggish shallow stream 
to a broad river by artificial means entirely. The 
value of the import and export trade of Glas- 
gow during 1905 was over $200,000,000. In view 
of the desirability of a further accommodation of 
the trade of Newark itself and the probability 
-of the creation of entirely new business, Mr. 
Owen believes that the plans submitted form a 
good, sound business proposition. 

The diagram shows the general outline of the 
works. It is proposed to occupy an area one 
mile wide and three miles broad. In the center 
of this tract is the canal itself, 1,000 ft. wide 
and 30 ft. deep, extending from the dock line on 
Newark Bay nearly to the westerly end of the 


Passaic and Hackensack Rivers and New York 
Bay. The total length of the pier frontage is 
115,000 ft. or 22 miles, equalling the dock front- 
age on both sides of the Passaic River from its 
mouth to Rutherford. ; 

The width. of thé canal and the proportion of 
length and width of piers and slips have been set- 
tled only after careful consideration of the prob- 
able public requirements at this particular loca- 


*tion, and from the experience of other places. 


The width of 1,000 ft. in the canal will give am- 
ple room for through communication in the canal 
and the complete handling of the largest vessel 
likely to enter it. The length of the piers has 
been determined from the experience in New 
York and Brooklyn and elsewhere, and gives 
room for two or three ordinary vessels, thus giv- 
ing the greatest rental value for a minimum of 
expense for construction. 


One of the most vital points in the whole 
plant is the method of communication with the 
country at large. There are four things to be 
considered, water communication, which the 
works are proposed to facilitate; railroad com- 
munication in all directions; trolley communica- 
tion for local car service, and highway facilities 
for immediate delivery of freight. On the tract 
in question or immediately adjacent to it are the 
lines of the Pennsylvania, Lehigh Valley and 
Central of New Jersey railroads. The plan pro- 
vides a system of tracks and switches with con- 
nection for one or two car tracks on each pier, 
so that any car at any given point can be taken 


nal System on the Newark Meadows. 


excavated can be used to advantage in the con- 
struction of the piers and wharves, and by a 
judicious selection of such materials for different 
requirements great economy can be attained. 


ConcreTE Fry-WHEELS are reported in the 
“Engineer,” of London, to be in use at the 
Zwaartkoppies pumping station of the Rand 
Water Board, near Johannesburg. The supply 
is derived from twenty bored wells, 150 to 210 
ft. deep, operated in pairs, to balance the work- 
ing parts of the pumps. The two wells of each 
pair are about 120 ft. apart. The pumps are of 
the plunger type, the diameters of the plunger 
and cylinder being 10 and 14% in., respectively, 
and the length of stroke 36 in. Both pumps for 
each pair of bore holes are driven from one 
crank shaft through a gearing by an electric 
motor. On each shaft is an 8,o00-lb. 14-ft. fly- 
wheel, with a reinforced concrete rim. A cast- 
iron boss is secured to the shaft, and into this 
sixteen arms, each made of 4-in. iron pipe, 
are screwed. Near the outer ends of the arms a 
ring of %-in. iron plate is secured with lock 
nuts, and around the extreme ends of the arms 
is fixed a second sheet-iron ring, which forms the 
periphery of the wheel. The space between the 
two rings is filled with 1:114:3 concrete. The 
concrete rim is reinforced with four %4-in. rods. 
The rim alone weighs about 6,000 lb. As the 
wheels make only 20 r. p. m., their use involves 
no risk of serious accident, and they are re- 
ported to have proved very satisfactory. 
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A Six-Span Highway Bridge at Catskill, N.Y. 


A six-span reinforced concrete highway bridge, 
over Catskill Creek, having a total length of 450 
ft. between the abutments, was finished during 
the past summer at Catskill, N. Y. The bridge 
has a clear roadway of 25 ft, a walk of 6 ft., 
and provision for a single street car track. Each 
arch has a span of 69 ft. and a rise of 8 ft. 6 in, 
the thickness at the crown being 16 in., and at 
the haunches 3 ft. 3 in. Four of the piers are 
6 ft. wide, while the center pier is 12 ft. wide. 
All of them rise about 14 ft. from the footings 
to the springing line of the arch. 

The spandrel walls retain a solidly tamped 
earth filling on which the roadway is laid. This 
consists of a slab of concrete paved with Cats- 
kill brick. The footwalk has a granolithic finish. 
The hand rail on each side of the bridge is of 
simple design, consisting’ of a rail of concrete 
cast in place and carried on rock-finish balus- 
ters set rather close together. 
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The centering for the arches was supported 
upon: bents built without sills, the posts being 
cut of proper length to conform with the rock 
surface. Six bents were required for each span. 
They consisted of five toxio-in. posts cross 
braced by 3x8-in. timbers. The. centering con- 
sisted of five framed ribs parallel to the axis 
of the bridge, and carried upon the bents on 
wedges. The bottom chords of the centers were 
of 8x14-in. timbers, while the top chords con- 
sisted of three 3x12-in. boards. The framing 
was of 8x8-in, material. The rib carries 3x9-in. 
stringers placed transversely on 2-ft. centers and 
on them was laid longitudinal lagging of 1-in. 
dressed lumber in 12-ft. lengths. The timber 
for the centering and bents was obtained from 
the old bridge. 

The work was started in August, 1906, and be- 
fore cold weather set in the abutments, piers 
and three of the arches were completed. Work 
was then suspended during the winter until April 
of this year, when it was again taken up, the 


Six-Span Highway Bridge over Catskill Creek at Catskill, N. Y. 


The arch reinforcement consists of twisted steel 
rods, the longitudinal rods being of I-in. mate- 
rial on 2-ft. centers, and the transverse rods of 
¥%4-in. material on 2-ft. centers. The reinforce- 
ment of the hand rail consists of two I-in. 
twisted steel rods in the base and one I-in. rod 
in the hand rail. The spandrel walls contain no 
reinforcement except immediately over each pier 
where, two I-in. twisted rods have been placed to 
prevent cracking in the railing due to settlement 
of the piers. The latter have no reinforcement. 

The concrete for the arches was a 1:3:5 mix- 
ture, made with crushed limestone and trap and 
Catskill Portland cement. The railings are of 
a 1:2:4 mixture. All of the concrete was cast 
in place except the balusters, which were made 
at the contractors’ plant in Hackensack, N. J. 
A Ransome mixer was used in making all of the 
concrete at the bridge site. 

No especial difficulties were encountered in the 
construction of the bridge, and though the creek 
rises rapidly at times, the contractors were for- 
tunate in escaping any serious floods. An old 
bridge which spanned the creek at this point 
was removed before beginning the new struc- 
ture. During construction the traffic was di- 
verted to a bridge lower down on the creek. All 
of the piers are founded on solid rock. 
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structure being finally finished early in July. The 
quantity of concrete in the structure is about 
4,000 cu. yd. and the total contract price was 
$43,250. 

The bridge was designed and built by the F. R. 
Long Co., Hackensack, N. J. 


An Unusuat Borer PLaAnt js in use at the 
Moran ship building plant at Seattle, Wash., con- 
sisting of a battery of 12 vertical fire-tube boil- 
ers arranged in a circle around a refuse burning 
furnace by which they are heated. The boilers 
are 5 ft. in diameter by 18 ft. high and the cir- 
cle is 19 ft. in diameter. The refuse burning 
furnace has a large conical grate. The space 
within each boiler constitutes the combustion 
chamber from which the gases pass down and 
thence up through the boiler tubes to the chim- 
ney, a large conical shell covering all the boiler 
tops and terminating in an 8 ft. stack. The 
refuse, consisting of slabs, sawdust and waste 
material from the saw mill, is fed to the furnace 
from a large elevated hopper, into which it is 
delivered by a conveyor from the mill. The en- 
tire boiler plant. is easily attended by one man 
on each shift. The saving over the use of coal, 
at present prices in Seattle, is stated in the 
“Marine Review” to be over $100 per day. 
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The Artesian Water Supply of Australia. 
By ©. 0. Burge, M. Inst. C. E. 


There is such an extensively utilized artesian 
area in the United States that it is of interest 
to learn what is being done in this work in other 
parts of the world. Recently nearly all the in- 
habited parts of the Commonwealth of Australia 
have been blessed with ample rains, and in con- 
sequence a boom in production of all kinds has 
followed. In former times such occurrences 
there led to the extraordinary delusion that 
drought would never recur, and few steps were 
taken to provide against it. Railways were more 
or less rapidly pushed into the interior, forgetful 
of the prime necessity of giving them something 
to do in those almost regularly recurring periods 
when, as regards the inland districts especially, 
the rainfall was much below the average, and 
crops and stock suffered seriously. To any one 
who has once ridden over these drought-stricken 
plains of Australia the recollection is vivid in- 
deed. Boundless vistas, with stunted bush and 
bare brown surface below, and above the prodigal 
sun and the brassy sky, for months unsoftened 
by even a fleecy cloud; skeletons of sheep all 
around the dying flocks, which are scarcely able 
to reach food or water, if either could be found; 
the trunks of the shadeless gum trees, gnawed for 
food by the gaunt rabbit, too weak to run from 
under the horse’s feet; and all this with the de- 
ceptive mirage spreading out, in the distance, 
lakes of visionary water, with trees and rocks 
reflected in its shining surface—all these are 
things never to be forgotten. 

The want of prevision which has prevailed so 
much in Australia has never existed in India, the 
natives to the best of their ability providing irri- 
gation works on an extensive scale in remote 
ages, and the British adding to them by the 
magnificent works which, side by side with the 
construction of railways, have given an ample 
return for the large capital expenditure incurred. 
As an instance of what is here stated, New South 
Wales, the greater part of the area of which is 
subject to these periodical droughts, has practi- 
cally done nothing, commensurate with its wants 
and capabilities, in the conservation of surface 
water, beyond surveying and reporting, until a 
few months ago, when a great scheme for the 
utilization of the Murrumbidgee River waters was 
decided upon. This will undoubtedly reclaim a 
large area of possibly drought stricken, though 
otherwise fertile, land. Victoria, though her 
needs are not so great, owing to a generally more 
regular rainfall, has been somewhat more vigor- 
ous in the past, but, taken as a whole, irrigation 
has been exceedingly neglected throughout Aus- 
tralia. The future prospects of the common- 
wealth, therefore, are all the more hopeful now 
that some substantial efforts in this direction are 
being made, showing that if, generally, a pros- 
perous career has, so far, been the characteristic 
of the Southern Continent of the British Empire, 
how much more will this be the case under the 
newly awakened condition of its inhabitants as 
regards the value of water. 

Among these substantial efforts are the utiliza- 
tion of the artesian water which has been going 
on for some time in Queensland and New South 
Wales, and, though the quantity of water from 
bores is insignificant, as compared with that from 
surface supply, and though it is limited to the 
artesian area, large as that is, yet a great deal 
has been done chiefly in the direction of watering 
stock. An ideal artesian basin is only to be found 
where the water-bearing strata dip in the middle 
of the area, outcropping all round at a higher 
level than that of the surface at the sites of the 
bores. Most of the artesian basins known 
throughout the world, however, are not of this 
ideal character, there being a break in the con- 
tinuity of the porous outcrop somewhere, leaving 
a leakage, which more or less seriously draws 
away some of the supply otherwise released by 
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the bore. The great artesian basin of Australia 
is of this latter type, the intake beds outcropping 
along its eastern and northeastern sides only, 
while the remainder of the water-bearing forma- 
tion leaks into the Gulf of Carpentaria or is 
hidden under the superficial deposits forming the 
plains of the interior of the states. 

With a map of Australia before us we can 
easily trace the boundary of this great area. Be- 
ginning at the southwestern coast of the Gulf of 
Carpentaria, it runs irregularly southward to the 
25th parallel of latitude, thence westerly to about 
133° east’ longitude, thence south to the 31st 
parallel, along which it bears easterly, but with 
many indentations, to near the town of Dubbo, in 
New South Wales, which is the southeastern 
limit. The eastern and northeastern boundary, 
from which the chief supply comes, is roughly 
parallel to the east and northeast coast, about 150 
miles from it in New South Wales, and over 200 
miles in Queensland, joining the coast again 
about 100 miles from Cape York, on the eastern 
side of the peninsula of that name. 

The greater portions of this area are in Queens- 
land, 376,000 square miles, and in South Aus- 
tralia, 110,000 square miles, but in the latter it is 
mostly in an undeveloped and unexplored terri- 
tory, while the smallest portion, 83,000 square 
miles, included in the area in New South Wales, 
is a settled, though not populous, district. The 
area of intake beds is about 50,000 square miles 
in Queensland, and 18,000 square miles in New 
South Wales. Victoria and Western Australia 
are both outside the area. Except for a strip 
about 100 miles wide on the eastern and north- 
eastern side, the area is within the zone of 20 in: 
annual rainfall, and further inland of the 10-in. 
zone, and it is the character of these zones to 


absorb and evaporate much of the rain falling on 


the surface. The Murrumbidgee, the Lachlan, 
Darling and other rivers are much larger in the 
middle of their course than at their outlet, where 
they join the Murray, the water spreading out 
into lagoons between these points and being lost 
largely by evaporation. 

To return, however, to the artesian area. This 
has, in the opinion of some experts, ocean out- 
lets not only at the extreme north, as shown by 
the description of the area given above, but also 
to the great Australian Bight, to the south, but 
the latter view is disputed, and Professor Gregory, 
of Melbourne, opposes it. In his recent work, 
“The Dead Heart of Australia” (1906) he says: 
“The only available outlet is northward over a 
rock barrier into the Gulf of Carpentaria, or 
possibly eastward to the South’ Pacific. The fact 
that the main artesian basin has no regular outlet 


and is enclosed by a rim complete to west and . 


south, and has only a narrow shallow lip to the 
north, and perhaps another to the east, shows 
that the deep central waters are old accumula- 
tions. The wells are the modern artificial outlets 
from a vast reservoir, which is almost entirely 
enclosed, and the waters discharged from it must 
have been collected during the course of centuries 
and probably of past millenniums. Nature has 
stored up a vast but probably a limited supply in 
a safe underground reservoir. That water, if 
prudently used, would probably last till Central 
Australia were so well occupied that it could 
afford to provide a more costly supply.” As to 
leakage from the basin, Mr. Pittman, the govern- 


ment geologist of New South Wales, points out 


that any accumulation of water, underground or 
surface, must eventually become salt, unless it has 
an outlet, due to dissolution of saline matter from 
rocks or soil, and that, therefore, all artesian 
basins affording petable water must have leakage. 

A recent interesting and voluminous paper on 
the artesian resources of New South Wales, by 
Mr. Percy’ Allan, M. Inst. C. E.. M. Am. Soc. 
C. E., read at the University of Sydney, and the 
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valuable annual reports of Mr. J. B. Henderson, 


‘M. Inst. C. E., hydraulic engineer for the Queens- 


land government, enable fairly up-to-date figures 
to be given on this subject. The first bore in 
New South Wales was in 1879 on the Killara 
Station, between Boweke and Wilcarmia, which, 
though successful, was on a’ small scale, being 
only 140 ft. deep, but the owner of Kerribee 
Holding, near Bourke, followed with one of 1,073 
ft., yielding 350,000 imp. gal. per day. The gov- 
ernment started work in 1884, and up to the date 
of the latest figures there are 412, of which 41 
have been failures. Of these bores, 130 have 
been put down by the government. The deepest 


bore in the state is that at Dolgelly, near Moree, ; 


4,068 ft. deep, but the finest example, taking the 
flow into consideration, is the Euraba bore, in 
the same district, at a depth of 4,005 ft., giving a 
flow of 1,097,420 imp. gal. per day, the finishing 
diameter being 6 in. .Mr.-Allan gives the follow- 
ing average example, occurring at Rowena, near 
Walgett. This bore was sunk to a depth of 2,669 
ft., at a cost of $11,880, having a flow of 924,990 
imp. gal. per diem, which, by means of 41° miles 
of distributing channels, constructed at a cost of 
$4,051, including headworks, divisors, drops and 
culverts, waters 55,405. acres. 
was about $16,195, the benefit derived, according 
to experts, being about $1,920 per annum. The 
rate charged was equivalent to 0.022 cents per 
1,000 imp. gal. The temperature of the artesian 
water at the bore mouth varies from about 78° 
to 135°, not always according to depth, but ex- 
posure to the atmosphere quickly reduces it, as a 
rule. However, the district being largely in the 
hottest part of New South Wales, the tempera- 


ture of the air'is occasionally higher than that of — 


the water. The present writer once used, in the 
hot season, the baths at Moree, supplied by afte- 
sian water at 110°, from a depth of 2,793 ft., and 
could not make up his mind whethér the air or 


the water was the cooler or more refreshing, or, 


perhaps metaphorically, which was the frying pan 
and which was the fire. 

In Queensland the government was first in the 
field at Blackall, and there are now over 1,130 
bores, of which about 11 per cent. were put down 
by government. Many inland towns are now sup- 
plied with water from artesian bores, among 
others Blackall, Cunnamulla, Aramae, Charleville 
and Roma. The deepest bore is that at Bimerah, 
which was sunk 5,045 ft., but the supply is small, 
while the aggregate amount of sinking for the 
whole state is upwards of 225 miles. The highest 
flow from any single well is 4,000,000 imp. gal. in 
24 hours. Trouble, of course, arises from the 
presence of alkalis in both states, this being, ac- 
cording to Mr. Henderson, inimical to plant life 
when over 30 grains per imperial gallon are 
found. The mineral salts in these waters gen- 
erally exceed those in the artesian supplies of 
America, but, on the other hand, the soil in the 
latter, within the districts served, is more im- 
pregnated, and the combination is frequently 
greater than in Australia, 

It is, however, generally agreed that, with some 
exceptions, on account of quantity and quality, 
artesian water in Australia is not suitable for 
irrigating crops, except on a very small scale, 
but immense possibilities are in view from its pro- 
vision for keeping stock of all kinds in good 
condition at all times, and in preservation of 
life in times of drought. A bore with a flow of 
1,000,000 imp. gal. per diem, while only capable 
of properly irrigating some 400 acres, will provide 
sufficient water for stock purposes over an area 
of about 80,000 acres. Extending right through 
New South Wales, in all directions, are strips of 
country from half to one mile wide, reserved by 
the government from private sale or use, through 
which stock travel from one part of the state to 
another and feed. Where these intersect artesian 
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country, bores are provided at the public ex- 
pense, there being an average of one bore to 1,280 
acres of the reserve. Including these, and sum- 
marizing, there are in New South Wales, ac- 
cording to latest figures, 114 successful govern- 
ment bores, serving 2,122,254 acres, and 257 pri- 
vate ones, the scope of which, if in proportion, 
would bring the total up to 434 millions of acres, 
the stock on which are served by artesian water. 
In Queensland, whether it is by ill luck or bad 
management, the proportion of successful to the 
total number of bores is much less than in New 
South Wales; 596 constitute the number of the 
former, these being mostly in private hands. The 
total daily flow is estimated at nearly 400 million 
imperial gallons. Though agriculture has been 
making great strides lately in Australia, the 
pastoral industries still are, and for many years. 
to come will be, the chief basis of the prosperity 
of the. commonwealth.- Hence, it is interesting to 
know that a still only partially developed adjunct 
to the unrivaled wool supply of the world which 
she affords, is available over such a large area 
as that described in this article. 


‘ae * Book Notes. 


The “Proceedings” of the third annual con-— 


vention of the National Association of Cement 
Users is a volume of 340 pages of information 
of the highest value to engineers, architects and 
contractors. A report of the convention was. 


‘published in the Current News Supplement of this 


journal on January 19 of this year, and it is con- 


sequently unnecessary to review the contents of | 
the book at any length at this time. 


It is par- 
ticularly valuable for the information it gives on 
the artistic treatment of concrete, waterproofing 
and concrete block manufacture, although many 
other subjects are taken up. The association is. 


essentially one for the interchange of information ; 


relating to the practical use of concrete, and its. 
“Proceedings” bear witness to this fact through- 
out. The editing of the volume has been done 
by the president, Mr. Richard L. Humphrey, who 
has eliminated irrelevant matter and repetition 
of ideas with much skill, thereby increasing the 
value of the contents to the busy reader. (Phil- 
adelphia, National Association of Cement Users, 
Harrison Building; $3.) 


About a year ago the Minister of Public Works: 
of France issued a set of regulations concerning 
the construction of reinforced concrete works. 
The reprints that have been made of that circu- 
lar contain many typographical errors and for 
this reason it is rather gratifying that the first 
part of the important work entitled “Recueil des 
Types de Ponts pour Routes en Ciment Armé,” 
by Messrs. N. de Tédesco and Victor Forestier, 
contains the full text of the circular and the 
official instructions concerning it. The regula- 
tions in question unquestionably form one of 
the most important indications the engineer has. 


concerning safe design in reinforced concrete, 


but they are necessarily somewhat vague im 
many respects, so as to allow the designer an 
opportunity for meeting individual conditions. 
and following personal inclinations. The object 
of this work under review is to explain the ap- 
plication of the regulations to the design of high- 
way bridges of y, 6, 8, 10, 15, 20, 25 and 30 meters 
span. In the computations for these structures, 
the authors have endeavored to follow the 
spirit of the regulations and to utilize those 
methods of computation which give maximum 
economy without entailing too elaborate calcu- 
lations. The book is probably the most complete 
explanation of the application of such important 
reinforced concrete regulations that has yet been 
attempted. In addition, it gives all the details 
of a large number of computations that cannot 
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fail to be useful to those who desire to study 
the methods of design recommended by the au- 
thors. This study is much facilitated by an atlas 
of plates giving to a large scale the drawings of 
the various bridges referred to in the text. These 
are essentially working drawings and are exe- 
cuted in an excellent manner. (Paris, Ch. Be- 
ranger, 15 Rue des Saints-Peres, 25 francs.) 


The attention of all. interested in the teaching 
of mathematics in engineering schools is par- 
ticularly drawn to the first volume of “A Course 
in Mathematics,’ by Prof. F. S. Woods and 
Prof. F. H. Bailey, of the department of mathe- 
matics in the Massachusetts Institute of Tech- 
nology. This volume is the most important 
American outcome of the deep impression re- 
cently made by the advocates of a reform in the 
methods of teaching mathematics. Such instruc- 
tion may be viewed from two distinct stand- 
points. If the purpose of the instruction is to 
introduce the student to mathematics as a branch 
of pure science, in which he may later carry on 
research work, the best method may possibly 
be different from those adapted to acquainting 
a prospective engineer with one of the most 
useful helps science has to offer him. It is gen- 
erally- held to-day that without any sacrifice of 
accuracy the methods of instructions ‘best adapt- 
ed for the mathematical classes in a technical 
school are those which carry forward at the 
same time various branches. In the old methods 
of instruction it was customary to finish algebra 
before taking up analytical geometry, to finish 
analytical geometry before taking up the calculus 
and to finish the calculus before beginning me- 
chanics. As a result of this it was only students 
with good mathematical memories who were able 
to appreciate as fully as desirable the relations 
between the various branches. Such a plan is 
entirely abandoned in this new course, which, 
it should be stated, was prepared at the invitation 
of Prof. H. W. Tyler, head of the mathemati- 
cal department of the Massachusetts Institute 
of Technology, and has received the benefit of 
his criticism. In the first volume, which alone 
has appeared as yet, there is an introductory 
chapter on methods of elmination, including the 
use of determinants. The student next takes 
up the methods of plotting functions, and is thus 
introduced early in his course to this valuable 
practical method of understanding an equation. 
The study of the algebraic polynomical, includ- 
ing the analytic geometry of the straight line, 
the more important theorems of the theory of 
equations, and the definition of a derivative comes 
next. This enables. the student to obtain early 
an introduction to the principles of the calculus, 
which is particularly desirable. The study of 
the algebraic function in general is next taken 
up, and in doing so the student’s knowledge of 
analytic geometry and calculus is enlarged by 
new applications of the principles previously 
stated. Simple integrations are also introduced 
at this time. - Curves are taken up and the stu- 
dent is introduced to this interesting portion of 
analytic ‘geometry without being confused by 
the idea that it relates solely to conic sections. 
After this, the study of elementary transcen- 
dental functions is begun and finally the year’s 
course closes with a study of the parametric rep- 
resentation of curves, polar co-ordinates and cur- 
vature. It will be noticed that no work in three 
dimensions is taken up in this course, that being 


deferred for the second year. It has already been © 


stated that the book is primarily for the use of 
engineering students; it may be questioned, how- 
ever, whether the student who takes up mathe- 
matics as a branch of a liberal education will 
not find this method of approaching the subject 
more satisfactory than the traditional one of 
attacking one branch at a time. The relations 
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between the several branches taught in under- 
graduate courses is so intimate that it is safe 
to say only a student of exceptional natural ma- 
thematical ability can acquire so good a knowl- 
edge by pursuing one branch after another as 
by taking them up in the way outlined by Pro- 
fessors Woods and Bailey. It should also be 
stated for the benefit of engineers who wish to 
review their mathematical studies that this vol- 
ume will be found an excellent help for the pur- 
pose. It is clearly written, well printed and illus- 
trated, and contains a large number of examples 
which will be particularly helpful, for it is a 
well-known fact that a thorough comprehension 
of a mathematical method is only possible after 
it has been applied in. the solution of a well 
selected set of problems. (Ginn & Co. Boston; 
mailing price, $2.40.) 


A book that should prove instructive to a wide 
circle of readers is the “Balancing of Engines,” 
by Mr. Archibald Sharp, who has already con- 
tributed a paper on certain features of this sub- 
ject to the “Proceedings” of the Institution of 
Civil Engineers. Some ten years ago the meth- 
ods of balancing were mainly of importance to 
locomotive designers, but since then there is 
hardly any prime mover in which balancing has 
not become prominent. When alternating cur- 
rent generators came to be operated in parallel, 


the balancing of steam engines at once attracted. 


general attention, and during the last two years 
everybody interested in automobiles knows that 
the most debated subject is the relative advantages 
of six and four-cylinder engines, which depend 
primarily on the balance of the two types. Up 
to the present time about the only volume dis- 
cussing the subject in a detailed manner has been 
one by Prof. W. A. Dalby, and this smaller work 
by Mr. Sharp is consequently of particular im- 
portance. It is much simpler than the’ book 
referred to, and employs graphical methods to 
a gteater extent than the work by Prof. Dalby; 
the difference in the assumptions made at the 
outset of the two discussions may lead the 
reader to believe the results in the two treatises 
are different, although the difference is only ap- 
parent. The volume is unusually thorough, be- 
ginning with the primary phenonoma of motion 
and force and the preliminary theorems in me- 
chanics which are essential for a proper under- 
standing of the problems and methods of bal- 
ancing. The inertia forces of revolving and re- 
ciprocating masses, the inertia forces of second 
and higher orders, and the transverse couples 
due to connecting rods are discussed at length. 
Engines with cylinders in different longitudinal 
planes receive especial. attention. The author 
then takes up in turn the kinetic energy of pis- 
tons and connecting rods, the torque on crank 
shafts, primary and secondary balances, and fin- 
ally the displacement of engine frames due to 
unbalanced forces and couples. There is a spe- 
cial chapter on the engines best adapted for 
various purposes, considered with respect to their 
balance, and finally the author gives a forecast 
of the future development of large gas engines. 
To make the work as useful as possible to stu- 
dents, a series of exercises, with answers in some 
cases, is appended at the end of most of the 
chapters, some of these questions being taken 
from the papers set at the qualifying examina- 
tions of the Institution of Civil Engineers. Some 
portions of the book are entirely new, others are 
taken from the author’s paper previously men- 
tioned, and the author expresses his especial in- 
debtedness to the work by Prof. Dalby. On ac- 
count of the widespread interest in the subject, 
the appearance of a book by one who has made 
such a specialty of it, is particularly timely. (New 
York, Longmans, Green & Co., $1.75.) 
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Letters to the Editor. 


TEMPERATURES IN BEEHIVE COKE OVENS. 

Sir:—Can you refer me to any information on 
the temperatures in beehive coke ovens, both in- 
side the oven and on the back of the retaining 
walls? I am interested in the design of a concrete 
oven and will appreciate any information you can 
give me on the subject. Yours truly, 

E. Horton Jones. 

Dawson, N. Mex., Oct. 9. 

[There is very little information available in 
the usual sources of such data concerning the tem- 
peratures of coke ovens. Probably tests to deter- 
mine them have been made, but they have not 
been recorded for ready reference. The temper- 
ature within a coke oven of the by-product type, 
as shown by tests reported by Dr, Schniewind 
in Sydney and Mr. Hilgenstock in Germany, prob- 
ably does not much exceed 1,800° Fahr. at any 
time during the coking operation. It does not 
necessarily follow, however, that this is the maxi- 
mum temperature in a beehive oven. In the latter 
the heating gas burns under the arched roof, heats 
the brickwork of the roof and the heat is re- 
flected upon the charge of coal beneath. There- 
fore, the temperature of the roof is very probably 
higher than that of the charge itself. In the same 
way, in a by-product oven, the gas burns in the 
flues, heating the coking charge by transmission 
through the oven walls. The heat in the flues is 
unquestionably higher than any temperature the 
coking charge itself will reach. 

In a general way, it may be said that the inside 
of a beehive oven in full operation will be light 
red to orange in color, though the heat is not 
always so great as this. Refractory materials of 
excellent quality are needed for the roof of a bee- 
hive oven, but this is particularly because the hot 
walls are quenched by water from a hose when 
the coking of a charge is finished, the sudden 
cooling being very severe upon any quality of 
fire-brick as may be imagined. Concrete is mani- 
festly bound to fail if used for a lining. Just what 
is meant in the inquiry by the temperature “on 
the back of the retaining wall” is a little indefinite. 
If it means the temperature at the outer surface 
of the firebrick lining of the oven, this is probably 
a low red temperature, or even hotter, depending 
on whether the bricks are exposed to the air or 
covered with masonry. In conclusion it might be 
said that inquiry among oven operators shows 
that the only way of testing a new form of con- 
struction is to build a few ovens and operate 
them regularly.—Editor.] 


.THE OcEAN Pier at Lone BreaAcu, CAL. 

Sir:—It is a problem of no mean proportions 
to build an ocean pier of any considerable length, 
and one that will endure, on the Pacific coast. In 
the first place, storms coming from the northwest, 
west or southwest, sweep full force against the 
coast, having no bar to encounter. In the next 
place, these storms are frequently of great violence 
and roll up tremendous seas against the shore 
line, and it takes a very solid structure to with- 
stand their force when exposed to it. Again, there 
are very powerful undertows on the Pacific coast, 
and there are, therefore, strong submarine forces 
to be resisted in ocean pier construction, at the 
same time. 

Yet, along the California coast quite a number 
of piers of this class are maintained. Some are 
designed for the handling of freight and passen- 
gers, while others are mere pleasure wharves lo- 
cated at popular seaside resorts. One of the most 
substantial and up-to-date piers of the latter class 
is at Long Beach, a resort that gets the great 
bulk of its patronage from Los Angeles and con- 
tiguous region. It was designed by, and con- 
structed under the supervision of Mr. Howard C. 
Holmes, of San Francisco. 
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It is composed of a wharf and a double-decked 
approach. The wharf is 100x300 ft., while the 
approach is 1,299 ft. long and 32 ft. wide. 

The water at the outer line of the wharf is 30 
ft. deep at low tide, and both wharf and ap- 
proach are supported by reinforced concrete piers, 
after Mr. Holmes’ well-known patent. The long- 
est cylinder pier used on the construction is 56 


ft. in length, and the piers generally are driven. 


from Io to 18 ft. into the ocean bottom, which is 
composed of sand. They are all 4% ft. in diam- 
eter, and those supporting the wharf proper are 
placed 16 ft. apart on centers. 

The approach is built of bents, 20 ft. on centers, 
consisting of two 12-in. I-beams for caps, support- 
ed by two reinforced concrete cylinder piers. The 
stringer system supporting the main deck con- 
sists of 4x1I6-in. Oregon \pine timbers, on 2-ft. 
centers, excepting under the line of posts support- 
ing the upper deck, where 12x16-in. sills are placed 
to support the superstructure. The outside string- 
ers are of 6x16-in. Oregon pine timbers, and these 
with all of the above-mentioned stringers, are at- 
tached to the double I-beam caps, with cross- 
clip and I-bolt fastenings, thus avoiding boring 
and framing the stringers. Both sides of the ap- 
proach are lined with heavy hand rails supported 
by 6x6-in. posts placed 10 ft. on centers. The 
middle of the roadway is used for teaming; and 
there is a walk on either side, 6 ft. wide, for prom- 
enading and fishing. 

The upper deck of the approach is 21 ft. wide 
and 13% ft. between decks. The upper deck is 
supported by 12xI2-in. posts on 10-ft. centers, 
having 19-ft. spans in the clear. The main cap of 
the posts consists of 12x16-in. timbers tenoned in- 
to the posts. The deck is sheathed with a double 
layer of cedar planking. The stringer system con- 
sists of 3x10-in. Oregon pine timbers, 2 ft. on 
centers. The outside stringers are composed of 
6x10-in. timbers. The hand-rail on either side of 
the upper deck consists of 4x8-in. timber sup- 
ported by 6x6-in. posts, ro ft. on centers. 

Ornamental braces from main posts to main 
caps stipporting the upper deck, materially 
strengthen that part of the structure. The brace 
is in the form of a bracket built up of 4x4-in. 
angle irons placed back to back, the whole form- 
ing a very rigid brace, and at the same time ob- 
structing the roadway in the minimum. The up- 
per deck is sway-braced longitudinally with 4x10- 
in. timbers. : 

In order to make the structure as attractive to 
the eye as possible, it is painted throughout. The 
sub-structure is of a deep maroon with cylinder 
hoops painted black for an agreeable contrast. 
On the main roadway all railings and exposed 
woodwork are painted a rich olive green, while 
the hurricane deck is left dead white. At the 
end of the pier proper is a pavilion patterned 
after a Swiss chalet. In this pavilion every after- 
noon an instrumental concert is given at the ex- 
pense of the city of Long Beach. Surrounding 
the pavilion are refreshment booths and space for 
those who desire to fish from the wharf. The 
wharf is also arranged for the mooring of vessels 
of any size. 

This wharf has now withstood the fury of the 
Pacific gales for four years without showing a 
sign of weakness, although the waves sometimes 
break to a height of 24 ft. and the-sands under- 
lying the sea are at times plowed up to a depth 
of 13 ft. by the powerful undertow. 

Yours truly, H. A. Crarts. 


RELATIONS OF THE Pustic SCHOOL To THE IN- 
DUSTRIAL TRADES. 

Sir:—The engineering public is at the present 
time deeply interested in matters relating to edu- 
cation in industrial lines. The old time apprentice 
system has been worn threadbare; in fact, it has 
almost ceased to exist. Modern manufacturing 


methods tend only to the making of the specialist” 
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in machine too! operation, or in hand work. Ex- 


-cessive specialization has thus prevented the de- 


velopment of the all-around mechanic, and what 


‘is more vital still, of the broadly experienced, 


competent manager of men, the foreman or su- 
perintendent. Sporadic instances have appeared 
during the past few years where manufacturers 
have sought to establish effective means of giving 
their young employees a more general knowledge 
of the specific industry than can be obtained 
through any of the ordinary channels. Privately- 
maintained trade schools have bent their efforts 
to supplying the opportunity for those to learn 
who really want to learn a trade. 

The public schools have assuredly been lack- 
ing in their ability to cope with the problem. The 
manual training school has laid the foundations 
for the engineering professions rather than for 
the mechanical trades. : 

With this exception, vocational training has 
been practically non-existant in the public schools, 
and even direct preparation therefor has formed 
a meagre part of the curriculum. 

But it is now generally recognized that the con- 
certed effort of the municipality and the com- 
monwealth is necessary to provide what the mid- 
dle, the so-called working classes, so much need, 
namely, education in particular trades. 

It is not surprising that Massachusetts should 
be taking the lead in this movement. Through 
a Commission on Industrial Education, it is work- 
ing out plans by which vocational schools may be 
established and maintairled at the joint expense 
of city and state. Evening schools are already 
operated under these conditions. 

But particularly interesting, as indicative of the 
trend in education, are the changes which are 
now being made in the school system of Boston. 
A radical move has been made in the reduction 
of the elementary school course from nine to 
eight years. This will provide for an earlier en- 
trance upon industrial.training. 

There has been a distinct change in the ideals. 
Teachers are no longer to measure their success 
by the number of pupils that reach a certain fixed 
and traditionary standard of scholarship. Suc- 
cess will rather be judged by ability to provide 
work of such a nature that all of the scholars 
not grossly indolent can reach a satisfactory 
standard: To have twenty per cent. of a class 
fail to pass is full proof either that the work is 
not adapted to the class, or that the teacher is 
inefficient, and yet in many classes, the percentage 
of failure has risen to thirty-five or even forty 
per cent. . 

t is boldly asserted by the Superintendent that 
‘Sf now and then a pupil should fail to do the work, 
it would perhaps be justifiable to say that he is 
not qualified to profit from high school instruc- 
tion, and that he should be excluded from the 
school; but when twenty-five per cent. of all pu- 
pils in the high schools of the city fail to do the 
work required, a course of exclusion cannot be 
successfully defended. These pupils are as justi- 
fied in demanding high school instruction adapted 
to their needs, as are the pupils who find it pos- 
sible to do the work now offered.” 

Consideration is therefore being given as to 
how the high school needs to be modified in or- 
der to make pupils meet the present standards. 
Investigation has shown that out of two thousand 
boys seeking employment, nearly fifty per cent. 
would have remained longer in school could they 
have been taught even the rudiments of a trade. 

Already a Girls’ High School of Practical Arts 
has been established, with a course of study four 
years in length, with conditions of admission and 
graduation equivalent to those required in the reg- 
ular high schools of the city. Its purpose is to 
give a greater opportunity for development of 
that type of pupil whose talents lie more in lines of 
doing and expression than in lines of acquisition. 

The High School of Commerce is just enter- 
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ing upon its second year. This is definitely a vo- 
cational school, seeking to give the most effective 
preparation for participation in commercial life. 

For many years it has been impossible to admit 
to the Mechanics’ Art High School all of the pu- 
pils applying for admission. The facilities are 
now being largely increased. It is manifest that 
the ideals of this school will need some adjust- 
ment in order that the training may be made more 
definitely vocational. 

It is recognized that efforts to incorporate in- 
dustrial training in the elementary schools must 


still be looked upon as experimental. To this end 


changes are being made in the courses in certain 
districts under which certain boys will be given 
a much larger proportion of industrial training 
than is provided in the regular course. 

The evening schools continue to give more or 
less vocational training. The teachers realize that 
a great many people are seeking industrial and 
technical instruction in correspondence schools. 
In fact, the Director frankly states that “the in- 
struction pamphlets published by some of the cor- 
respondence schools on technical subjects are 
superior to anything I have seen in public school 
text books.” ; 

To rival such instruction in the evening schools, 
or in ‘day schools devoted to vocational training, 
would manifestly entail large expenditures for 
equipment and maintenance. The problem is, 
however, simplified by the attitude of the state 
through its Commission on Industrial Education. 
In accordance with the law, and under the super- 
vision of this Commission, municipalities may be 
in part reimbursed for such expenditures as they 
may make for the maintenance of industrial 
schools. This Board is instructed to consider and 
report upon the advisability of establishing one or 
more technical schools or industrial colleges, pro- 
viding for a three or four years’ course of ex- 
tended training in the working principles of the 
larger industries of the commonwealth. 

The Commission already expresses its belief 
that for pupils of fourteen or fifteen years of age, 
four years’ instruction might be provided, so that 
the first two years would cover general shop in- 
struction relative to mathematics, drawing, na- 
tural science, and English, and that the work of 
the last two years, or which could be gradually 
completed during a longer period in the even- 
ings, or on the part-time system; meaning part of 
the time in the factory or shop, and part of the 
time in school during working hours, whether’ in 
the same day or at intervals of several days, or 
even weeks, by pupils who were obliged to go to 
work at sixteen, should give the shop instruction 
for particular trades. The Commission intends to 
provide effectively for evening pupils, and to make 
every effort to secure the co-operation of employ- 
ers, to the end that part time courses for appren- 
tices may be established in the proposed schools. 

The efforts in Massachusett and other states 
will be watched with much interest, in contrast 
to those being made in the trades themselves, un- 
der the direct supervision of the employers. It is 
reasonable to anticipate that eventually the best 
results will be obtained through a harmonious 
combination of effort; the public schools laying 
the foundation, and the respective trades furnish- 
ing the superstructure. CC. 

Boston, Nov. 7. 


LicutHouse Construction is being conducted 
under great difficulties at the Ar-Gazeck reef on 
the French coast near Ushant. The late Eugéne 
Potron left £16,000 toward the construction of 
this light, which the government undertook to 
build. During 1904 the swiftness of the currents 
prevented more than 52 hours’ work on the 


foundation, more than 206 hours in 1905, and- 
more than 152 hours in 1906, During three 


years, therefore, only 51 days of 8 hours were 
available for the work. 
; ' 


